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A NEW 
Respirator 
with 
many important 


improvements 


Here’s a new set of design solutions to the old 
problems of respirator comfort, breathing protection 
and maintenance. Users of the new Dustfoe #55 
welcome its light weight (234 oz.) and low breathing 
resistance. They have found a high degree of comfort 
in the soft sponge facepiece cushion which conforms 
to facial contours without uncomfortable pressure. 
The elastic, positive-locking one-piece headband 
stays in place; is free from binding. And the compact, 
streamlined Nylon filter holder permits normal 
downward vision without interference when the 
head is lowered. 

The new “Static-Web” filter assures maximum 


U.S. BUREAU 
OF MINES 
APPROVAL No. 2166 


protection against all dusts not more significantly 
toxic than lead. The chemical treatment of this filter 
creates a static electrical field which supplements the 
mechanical filtering action. Filter edges are exposed, 
permitting visual inspection of the seal. 

Maintenance and cleaning is simplified because of 
the small number of basic parts. The Nylon filter 
holder is durable, non-warping, and will stand use 
and sterilization temperatures up to 300° F. 

You'll find the complete story on this important 
safety contribution in our Bulletin No. CM-14. We'll 
be happy to send you a copy. 


MINE SAFETY APPLIANCES COMPANY 


BRADDOCK, THOMAS AND MEADE STS., PITTSBURGH 8, PA. 
At Your Service: 66 Branch Offices in the United States 


3 MINE SAFETY APPLIANCES CO. OF CANADA LIMITED 


Toronto, Montreal, Calgary, Winnipeg, Vancouver, New Glasgow, N.S. 


Representatives in Principal Cities in Mexico, Central and South America 
Cable Address: “Minsaf” Pittsburgh 


¢ Call the M.S.A. Man on your every safety problem 
..+ his job is to help you. 
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SAFETY EQUIPMENT HEADQUARTERS 
|) 


wien pie 

Secondary Invaders 


\\ 


complicate 
the common 
cold 


Ler us make this point clear at the beginning. We do not recommend penicillin 
ler inhalation therapy with the AEROHALOR as a cure for the virus cold. It 
is not. Furthermore, the possibility of sensitivity to penicillin necessitates special 
caution in the use of inhalation therapy, particularly in patients with asthma 
or history of allergy. 
Using this handy, smoke-it-like-a-pipe inhaler, Krasno and Rhoads! report 
“the course of ordinary colds is strikingly shortened by prompt use of the peni- 
cillin dust inhalation.” Although the authors “are fully aware that the etiologic 
ent of the common cold is probably not a penicillin-sensitive organism,” 
they point out that “secondary invaders undoubtedly account for the 
accentuation of the initial symptoms and in most instances for the more serious 
complications. Dramatic results often are seen in those patients in whom 
the cold has been hanging on.” 
Inhalation therapy with the AEROHALORr is also indicated as an adjunct 
in the treatment of tracheitis and laryngitis, sinusitis, bronchitis and 
other respiratory infections. Write for literature. 
Abbott per North Chicago, Illinois. 


Asnonaton comes assembled with 1. Krasno, L., and Rhoads, P. (1949), The Inhalation of 
detachable mouthpiece. Easily in- 

terchangeable nosepiece included Penicillin Dust, Amer. Prac., 11:649, July. 

in package. Disposable Azrona- 

Lor* Cartridge containing 100, 

units of finely powdered penicillin 

G potassium is prescribed 


® 
separately—supplied three to an = 
air-tight vial, r vials to the 
package. 4 
*Reg. Trade Mark for Abbott 
Sifter Cartridge. AEROHALOR and 
Asronator Cartridge patented in 


S. and Forsign Countries. (Abbott's Powder Inhaler) 
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Doctor —nere is a protective skin creme now accepted 


by the Committee on Cosmetics of the AMERICAN MEDICAL 
ASSOCIA TION— 


CASIL PROTECTIVE SKIN CREME 


It is quick and easy to apply. The Protective film guards the skin and 
it washes off in water. No dirt—pigments—or paints can touch the 
skin when CASIL PROTECTIVE SKIN CREME is applied properly. 
Less than .5 of 1% free alkali. 


Thirty days or monthly buying suggested. Price $8.50 per case of 
4—5 # cans. F.O.B. Chicago. 


Send order to: P.O. Box 208, Evanston, Illinois, or telephone UN 4-7339 
(exchange is University). 


THE DERMO COMPANY 


HEALTH EDUCATION BOOKLETS 


Nine booklets on topics of interest to you 
and your patients. You will find them 


: Re helpful in answering some of the ques- 
tions brought to you. 
HEARING 


HEARING INFORMATION, PLEASE! Mary Wood 
in @ Whitehurst. 3 pages. 15 cents. 

: WHICH HEARING AID SHALL | BUY? Waring J. 

Fitch and LeRoy D. Hedgecock. 6 pages. 15 cents. 


ORAL AND DENTAL HYGIENE 
CORRECTING CLEFT PALATE. J. S. Horsley, Jr. 
3 pages. 5 cents. 


THE CHILDREN’S SPEECH CLINIC: |, HI, IM, IV. 
Ruth E. Beckey. 14 pages. 10 cents. 

WHY OTHER PEOPLE SMELL. Howard W. Haggard. 
4 pages. 5 cents. 


WHY STUTTER? John A. Glassburg. 4 pages. 5 
cents. 


YOUR VOICE. Chevalier Jackson and Chevalier L. 
Jackson. 12 pages. 15 cents. 


THE CARE OF THE TEETH. William M. Gardner. 30 
pages. 15 cents. 


OUR FOOD AND OUR TEETH. Percy R. Howe. 4 
pages. 15 cents. 

‘ Keep a supply of these booklets on hand. 

SSE Available at lower cost for quantity 


OOF purchases. 
There Are 15 Plauar-czee 
FLARE-TOP EAT-IT-ALL AMERICAN MEDICAL ASSOCIATION 


535 North Dearborn Street 
Bakeries From Coast-To-Coast Chicago 10, Illinois 


WRITE: Flare-TOPS—Box 2004—Chicago 9, Ill. 
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announcing 


A NEW PUBLIC RELATIONS AID 


V harmonizes with any office decor 
V measures 1112 by 7% inches 


VY for desk or wall 


V laminated plastic finish 


PRICE 


$1 
POSTPAID 


NEW OFFICE PLAQUE 


V dark brown lettering on buff 


I invite you to discuss frankly 
with me any questions regarding 


my services or my fees, 


The best medlical service is based 


on mutual under- 


to talk over problems . . 


.-. to boost your PR rating 


TO ALL@MY PATIENTS 


“sla ing between doctor and patient. 


As you know, a physician’s best public relations is car- 
ried on right in his own office. Here the physician gets 
acquainted with his patients . . . gives them a chance 
. builds a feeling of mutual 


understanding between patient and doctor. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 


Your American Medical Association has designed an 
attractive new office plaque to be displayed prominently 
on an office desk or wall. This is a graphic invitation to 
patients to talk over professional services and fees. Patients 
like to ask questions, but often are hesitant to do so. This 
plaque will open the door to better relations with your 
patients. Order one today. 
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THE ONLY ON 


only Terramyein in liquid 

concentrate for optimal convenience 
Crystalline Terramycin Hydrochloride Oral 
Drops provide 50 mg. in each 9 drops—or 200 mg. 


per cc.—a concentration affording optimal sim- 
plicity and convenience in dosage. 


Terrain 


HYOROCHLORIOE 


ORAL DROPS 


Can be taken “as is”* or mixed with foods and fluids 


These potent drops for oral administration are 
completely miscible with most foods, milk and 
fruit juices, thus permitting a further simplifica- 
tion in the therapeutic regimen. 


Pure crystalline antibiotic—well tolerated 


Terramycin Oral Drops are prepared from pure 
crystalline material. As with other dosage forms of 
this effective broad-spectrum antibiotic, Terramy- 
cin Oral Drops are well tolerated. 


Supplied: 2.0 Gm. with 10 cc. of diluent, and 
specially calibrated dropper. 


ANTIBIOTIC DIVISION CHAS. PFIZER & CO., INC., Brooklyn 6, N. Y. 
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HE A. M. A. Arcuives or INpUsTRIAL HyGIENE AND OCCUPATIONAL MEDICINE is pub- 

lished by the American Medical Association as a medium for the advancement of 

knowledge on the diseases of industry and for the publication of scientific investigation 
and information in this field. 

Published material will in many respects be closely integrated with and reflect activities 
of the Council on Industrial Health of the American Medical Association and the American 
Industrial Hygiene Association. 

Correspondence relating to the editorial management, subscriptions, reprints, etc., should 
be addressed, A. M. A. Arcuives or INDUSTRIAL HyGIENE AND OCCUPATIONAL MEDICINE, 
American Medical Association, 535 North Dearborn Street, Chicago 10. 

Manuscripts for publication and books for review should be sent to Prof. Philip Drinker, 
Chief Editor, 55 Shattuck Street, Boston 15. 


Articles are accepted for publication on condition that they are contributed solely to the 


A. M. A. Arcuives oF InpustrIAL HyGIENE AND OcCUPATIONAL MEDICINE. Manuscripts must 


be typewritten, preferably double spaced, and the original copy should be submitted. Zinc 
etchings and halftones will be supplied by the Association when the original illustrations warrant 
reproduction and when their number is not considered excessive. 

Footnotes and bibliographies (the latter are used only in exhaustive reviews of the 
literature) should conform to the style of the Quarterly Cumulative Index Medicus. This 
requires, in the order given: name of author, title of article and name of periodical, with 
volume, page, month—day of month if the journal appears weekly—and year. 

Matter appearing in the A. M. A. Arcuives or INpusTRIAL HYGIENE AND OCCUPATIONAL 
MEDICINE is covered by copyright, but as a rule no objection will be made to its reproduction in 
a reputable medical journal if proper credit is given. However, the reproduction for com- 
mercial purposes of articles appearing in this periodical or in any of the other publications issued 
by the Association will not be permitted. 

The A. M. A. Arcuives or InpusTRIAL HyGIENE AND OccCUPATIGNAL MEDICINE is issued 
monthly. The annual subscription price (for two volumes) is as follows: domestic, $8.00; 
Canadian, $8.40; foreign, $9.00, including postage. Current single copies are $1.00. 


Checks, money orders and drafts should be made payable to the American Medical 
Association. 
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and matters of general medical interest. Illustrated. Annual subscription price (three volumes): domestic, 
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subjects, transactions of the important dermatological societies, book reviews, etc. Illustrated. Annual sub- 
scription price (two volumes): domestic, $12.00; Canadian, $12.40; foreign, $13.50. Single copies, $1.25. 
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BENZIDINE (4, 4’-DIAMINOBIPHENYL) AND SUBSTITUTED BENZIDINES 


A Microchemical Screening Technic for Estimating Levels of Industrial 
Exposure from Urine and Air Samples 


J. M. GLASSMAN, Ph.D. 
PHILADELPHIA 
AND 


J. WISTER MEIGS, M.D. 
NEW HAVEN, CONN. 


ENZIDINE and certain related polynuclear diamines are important dye 

intermediates. Transformed into dyestuffs, they are valuable industrially 
because of their ability to attach themselves to animal and vegetable fibers in a 
neutral or an alkaline bath to give full shades without the use of mordants. 

The production of benzidine, however, is not without danger. The growing 
number of observations on urinary bladder tumors occurring among dye-inter- 
mediate workers exposed to this material strongly suggests that benzidine, or one 
of its metabolites, or an impurity in its production may be carcinogenic.’ Moreover, 
Goldblatt,"* regarding the manufacture of benzidine as a hazard from start to finish, 
urged that its production be limited to plants designed so as to preclude any sus- 
tained contact with or exposure to the dust of the final product. 


The problem of protecting the health of employees engaged in producing or 
utilizing benzidine and substituted benzidines has many facets. One of these con- 
cerns the levels to which such persons are exposed during the course of their daily 
duties. Since occupational health programs must consider this aspect, it is neces- 
sary to have available a means whereby periodic estimates of such levels can be 
made. Attempts were made, therefore, to develop a reliable quantitative method 
that would serve this purpose by measuring the amounts of benzidine or substituted 


This study was aided by a grant from the United States Public Health Service. 

From the Section of Occupational Health, Department of Public Health, Yale University. 

The material presented here represents a portion of the data contained in a dissertation 
submitted by Dr. Glassman to the faculty of the Graduate School of Yale University in candidacy 
for the degree of Doctor of Philosophy. 

1. (a) Goldblatt, M. W.: Occupational Cancer of the Bladder, Brit. M. Bull. 4:405, 1947. 
(b) Hueper, W. C.: Clinical Aspects of Occupational Cancer, Occup. Med. 5:152, 1948. (c) 
Di Maio, G.: Tumors and Precancerous Lesions of the Bladder Due to Amines or Nitro- 
Derivatives (Aniline Dye Tumors), Arch. ital. urol. 14:283, 1937. (d) Barsotti, M., and Vigliani, 
E. C.: Bladder Lesions from Aromatic Amines: Statistical Considerations and Prevention, Med. 
lavoro 40:129, 1949. (e) Ferguson, R. S.; Gehrmann, G. H.; Gay, D. M.; Anderson, L. W., and 
Washburn, V. D.: Symposium on Aniline Tumors of the Bladder, J. Urol. $1:121, 1934. (f) 
Miller, A.: Experiences with Bladder Changes Due to Amines in the Industrial District of 
Basel, Ztschr. urol. Chir. 36:139, 1933. 
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benzidines in urine samples or other body substances from exposed workers or in 
air or other samples from the working environment. Such a method is reported 
here. 


METHOD 


Principle of the Method.—The finding of Trillat* that tetramethyldiaminobi- 
phenylmethane could be converted into a colored oxidation product when treated 
with lead dioxide or manganese dioxide, and the observation by Denigés * that lead 
dioxide produced a color with benzidine, led to the study of the behavior of other 
oxidizing agents toward benzidine. Subsequently it was found that manganese 
dioxide (Feigl*), permanganates (Stratton and associates; Clark*; Wiese and 
Johnson‘), weakly acid solutions of persulfates (Monnier*), chromates (Tana- 
naeff *), gold salts in acetic acid solution (Malatesta and Di Nola’), and others 
gave similar color reactions and involved the production of meriquinoidal oxidation 
products of benzidine. Furthermore, Kullberg '' showed that homologues of 
benzidine acted similarly. 4 


4,4-DIAMINOBIPHENYL (BENZIDINE) 


4, 4'-DiAMINO-3, 3-DICHLOROBIPHENYL N- N 


4, 4'- DIAMINO-3,3-DIMETHOXYBIPHENYL 


4, 4” DIAMINO- 3,3DIMETHYL PHENYL NH 
(o- TOLIDINE) 
3 


Fig. 1—Graphic presentation of the formulae of the compounds studied. 


2. Trillat, A., quoted by Feigl, F.: Chemistry of Specific, Selective and Sensitive Reactions, 
New York, Academic Press, Inc., 1949. 


3. Denigés, G.: Précis of Analytical Chemistry, Paris, Librairie Maloine, 1913. 


4. Feigl, F.: The Application of Diphenyl Derivatives to Qualitative Reactions, Chem. Ztg. 
—44:689, 1920. Feigl, F., and Stern, R.: The Application of Spot Reactions in Qualitative 
Analysis, Ztschr. anal. Chem. 60:24, 1921. 


5. Stratton, R. C.; Ficklen, J. B., and Hough, W. A.: Colorimetric Determination of Traces 
of Manganese and Chlorine with Benzidine, Indust. & Engin. Chem. (Anal. Ed.) 4:2, 1932. 

6. Clark, N. A.: Determination of Small Amounts of Manganese in Salt Solutions, Indust. 
& Engin. Chem. (Anal. Ed.) 5:241, 1933. 

7. Wiese, A. C., and Johnson, B. C.: A New Method, for the Micro-Determination of 
Manganese in Biological Material, J. Biol. Chem. 127:203, 1939. 

8. Monnier, A.: Characteristic Reactions of Perchlorates, Periodates, Persulfates and 
Perborates, Ann. chim. ana‘, 21:237, 1916. 

9. Tananaeff, N. A.: Qualitative Analysis of the Elements of the First to Third Groups 
When Present Together, with Special Regard to Spot Tests, Ztschr. anorg. u. allgem. Chem. 
140:320, 1924. 


10. Malatesta, G., and Di Nola, E.: Detection of Gold and Platinum, Boll. chim. farm. 
52:461, 1914. 


11. Kullberg, L. M.: The Action of Copper Salts on Benzidine in the Presence of Halides 
and Thiocyanates: A New, Sensitive Method for Detecting Copper, Mikrochemie 20:153, 1936. 
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In this study, attempts were made to use these oxidizing agents in the develop- 
ment of a colorimetric method for detecting benzidine and substituted benzidines in 
urine or air samples. This was not entirely satisfactory, because the colored oxida- 
tion complex produced was unstable and faded rapidly. However, the modified 
technic suggested by Dr. W. H. Maguigan '* (National Aniline Division, Allied 
Chemical and Dye Corporation) using chloramine-T * as the oxidizing agent 
overcame these limitations. The reaction was sensitive and selective, and the 
color complex was fairly stable. Moreover, Alekseeva ‘* reported this reagent use- 
ful for determining the presence of aniline in air. 

Thus, ether extracts of urine aliquots from individuals exposed to the benzidines 
(or air samples containing benzidines collected by means of Greenburg-Smith 
impingers charged with distilled water) were found to combine with an excess of 
chloramine-T ** in the presence of small amounts of hydrochloric acid to form a 


BENZ/DINE JOD PARATOLUENESULFONCHLOR 
AMIDE * 


HN=(—)=(_)=NH 


P- QUINONEMMIDE 


TT. H.N-(_)-(_)-NH, + HCL —> 


HNC 
HN=(—)=(—)=NH 


MERIQUINOID 
(ellow-Colored Complex) 


* CHLORAMINE - 7 


Fig. 2—The redox reaction with benzidine and the formation of the colored complex. 


yellow-colored meriquinoidal complex that could be read in a photoelectric colori- 
meter. According to Schlenk and Knorr,"* this meriquinoidal complex (Fig. 2) 
consists of one molecule of amine, one molecule of the imine, and two equivalents 
of the monovalent acid. 

Reagents.—The reagents used were hydrochloric acid (5.75 N), ether (A. R.), chloramine-T 


(a 10% solution prepared fresh weekly), sodium hydroxide (2 N), and buffer, pH 8.4 (a potas- 
sium chloride-boric acid solution, prepared according to Hawk, Oser, and Summerson 1), 


12. Maguigan, W. H.: Personal communication to the authors. 


13. Sodium paratoluenesulfonchloramide. It contains not less than 11.5% and not more than 
13.0% active chlorine. Its actions are essentially similar to those of a dilute solution of sodium 
hypochlorite. 


14. Alekseeva, M. V.: Simplified Determination of Aniline in Air, Gigiena i Sanit. 13:20, 
1948. 

15. Schlenk, W., and Knorr, A.: Quinoid biphenyl derivatives, Ann. Chem. 368:313, 1908. 

16. Hawk, P. B.; Oser, B. L., and Summerson, W. H.: Practical Physiological Chemistry, 
Philadelphia, P. Blakiston’s Son & Company, Inc., 1947. 
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Standard Solutions—Stock solutions of the benzidines were prepared and used for known 
standards: Two hundred fifty milligrams of each of the purified !7 compounds was dissolved in 
10 ml. of 5.75-N hydrochloric acid and a little hot distilled water; the solutions were then cooled 
to room temperature and made up to 100 ml. Stock solutions contained 2,500 ¥ per milliliter. 
By making appropriate dilutions from these stock solutions, suitable working standard solutions 
were obtained containing 50 7 per milliliter. Both stock and standard solutions were found to 
keep for months if stored in a refrigerator. 
Absorption Spectra (Visible Range)—The spectral-transmittance (S-T) curves, shown in 
Figure 3, were determined or the Coleman Junior spectrophotometer, Model 6A, by measuring 
the transmittance of the characteristic yellow pigment developed in 10 ml. of ether from 25 7 
of each of the purified samples after reaction with an excess of chloramine-T. Although the 
respective curves for the four compounds differed somewhat, they all showed a maximum 
absorption between 430 mz and 480 mz, which is the blue region of the spectrum. Therefore, for 
colorimetric determinations a filter covering this region was necessary. 
Because the spectral characteristics of the colored complex formed by each of the benzidines 
differed so slightly, it was seen that any attempt to identify one compound in the presence of one 
or more of the others would be difficult. 
Preparation of the Standard Curve.—A calibration curve was prepared to relate the absorp- 
tion of light, measured with the Klett-Summerson photoelectric colorimeter, to the content of 
benzidine or of the substituted benzidines. When the amount of chromogen (in micrograms) 
represented in 10 ml. of ether was plotted on ordinary graph paper against the scale of the ad 
colorimeter (blue filter, 440 m#), the curves were linear through 25 y and were reproducible 
within the limits of accuracy of the instrument. 


Into a 125-ml. separatory funnel, 1 ml. of distilled water and 5 ¥ of standard solution were 
introduced. To this, 1 ml. of 5.75-N hydrochloric acid and 1 ml. of 10% chloramine-T solution ‘y 
were added. The yellow color that developed was extracted by shaking the cylinder vigorously 
for 5 to 10 seconds with 10 ml. of ether. After separation of the two layers, the aqueous phase 
was discarded, and the colored ether was drained into a 10-ml. volumetric flask. Sufficient ether 
was added to bring the volume up to the mark. The colored ether was transferred to a colorim- 
eter tube and read in a Klett-Summerson colorimeter (previously adjusted to the zero reading 
of the dial against an ether blank). This procedure was repeated using 10, 15, 20, and 25 ¥, 
respectively. 


When 2 ml. of 5.75-N hydrochloric acid was used in the procedure, the slopes of the curves 
(Fig. 4) for benzidine, dichlorbenzidine, and orthotolidine differed from one another only 
slightly ; the dianisidine curve was practically flat. This marked difference in slope was attributed 
to the instability of the oxidation color complex of dianisidine in the presence of excess acid. 
That is to say, the intensity of the color of the complex that initially developed, was of such a 
fleeting nature that by the time it was read in the colorimeter it had become converted practically 
to the colorless phase. As a cause of this phenomenon there is the possibility that oxygen atoms !* 
rapidly replace the unstable imino groups in the imine portion of the colored oxidation product 
of dianisidine, thus forming a new uncolored (quinone) complex. However, when only 1 ml. 
of 5.75-N hydrochloric acid was used or when this acid was omitted entirely (Fig. 5) from the 


17. For the purification, the methods of F. C. Bing, Purification of Benzidine and an Improved 
Reagent for Estimating Hemoglobin in Blood, J. Biol. Chem. 95:387, 1932, and M. H. Power 
and E. G. Wakefield, A Volumetric Benzidine Method for the Determination of Inorganic and 
Ethereal Sulfate in Serum, ibid. 123:665, 1938, were modified as follows: Twenty-five grams 
of the acid salt was thoroughly mixed in a mortar with strong sodium hydroxide, and the 
liberated free base was filtered with suction. The free base was then dissolved in about 125 ml. 
of hot 70% alcohol, allowed to cool and crystallize, filtered with suction, and washed with cold 
50% alcohol. The crystals were redissolved in about 125 ml. of hot 70% alcohol, 1 gm. of decolor- 
izing carbon was added, the mixture was heated, and then filtered while hot. A third crystalliza- 
tion was carried out and the final product dried in a desiccator for several days in the dark. 
A sharp melting point was obtained. 

18. Lucas, H. J.: Organic Chemistry, New York, American Book Company, 1935. 
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procedure, the slopes of the curves for benzidine, dichlorbenzidine, and orthotolidine remained 
unchanged, while the slope of the curve for dianisidine became comparable to that of benzidine. 
Procedure for Determining Benszidine or Substituted Bensidines in Urine (Screening 
Technic)—1. Sixty milliliters of urine was adjusted to pH 8.5 + 0.2 with several drops of 
concentrated sodium hydroxide solution and then centrifuged for 30 minutes at 3,000 rpm. 


100 


BENZIDINE 
@~70L/DINE 

DICHLORBENZ. 


TRANIM/7T TANCE 
4 


400 «425 475 COSTS 
WAVE LENGTH (Ma 
Fig. 3.—Spectral-transmittance curves: Absorption curves of the colored complexes formed 
from 25-y¥ amounts of benzidine and related diamines in 10-ml. amounts of ether by reaction with 
chloramine-T. 


2. Fifty milliliters of this centrifuged urine was pipetted into a 500-ml. cylinder or bottle and 
extracted with 150 ml. of analytical reagent ether !® by shaking in a mechanical shaker for five 
minutes. 

3. The aqueous phase was discarded and the ether washed once with 8 to 10 ml. of specially 
prepared buffer (KC1-H;BO; solution, pH 8.4). The washings were discarded. 


19. A colleague, Dr. L. J. Sciarini, has shown that ethyl acetate (boiling point, 77.2 C.; flash 
point, 4.4 C.) can serve in place of ether (boiling point, 34.6 C.; flash point, —40 C.) as the 
extracting medium for the benzidines and their colored oxidation products. 
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4. The ether was transferred to a 250 ml.-Claisen flask along with 50 ml. additional ether used 
in washing the extracting cylinder. This was reduced to a volume of 1 ml. by gently distilling 
it under reduced pressure.?° 

5. When the distillation was completed, the flask was cooled under cold tap water and the 
following reagents added: 1 ml. of 5.75-N hydrochloric acid, 1 ml. of distifled water, 1 ml. of 
chloramine-T solution (10%), and 5 ml. of ether. The contents were swirled about in the Claisen 
flask for about 10 seconds and then drained into a 125-ml. separatory funnel (through a long- 
stem thistle tube). The flask was washed once with 5 ml. of fresh ether, and these washings 
were added to the separatory funnel, also. 

6. The color was extracted into the ether by shaking the cylinder gently for about 10 seconds. 
After discarding the aqueous phase, which was now colorless, the colored ether was drained 
into a 10-ml. volumetric flask and made up to the mark with additional ether as needed. 
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: Fig. 4.—Standard curves: (a) o-tolidine; (b) dichlorbenzidine; (c) benzidine; (d) dianisi- 
dine. Comparative relationship of the four curves in the presence of excess hydrochloric acid 
(colorimeter readings vs. concentration). 


7. The contents of the volumetric flask were emptied into a colorimeter tube and read 2! 
immediately in a Klett-Summerson photoelectric colorimeter (blue filter, 440 m#). 

Certain Practical Considerations—1. The pigment developed in ether after reacting any one 
of the benzidines with an excess of chloramine-T was not permanent, but gradully faded, being 


' 20. The reducing of the ether to a small volume by distillation under reduced pressure 
(Step 4) can be eliminated by extracting the benzidines from the ether into a few milliliters of 
5.75-N hydrochloric acid. The color is then developed and measured as outlined in the subsequent 
steps. 

21. The colorimeter was adjusted to the zero reading of the dial against a urine blank run 
through in the same manner as the unknowns (Steps 1 to 7). This adjustment should, if the 
procedure was carried out with care and precision, also be the same for a solvent blank. 


mall 
: 
Ke 
ke 4 
4 
4 
a 
| 
| q 
4 
$ 
+ 


GLASSMAN-MEIGS—BENZIDINE AND SUBSTITUTED BENZIDINES 525 


8 


ABSORPTION AT 440 Mu 
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Fig. 5.—Standard dianisidine curves: Effect of hydrochloric acid on the standard dianisidine 
curve. 
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Fig. 6.—Effect of time on the stability of the developed color complex: Comparative fading 
rates of the standard curves over a two-hour period (colorimetric readings vs. concentration). 
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converted to the colorless phase—possibly a quinone complex. To determine the rate and the 
degree of fading that could be expected over a period of 120 minutes, periodic colorimetric 
measurements were carried out at room temperature as shown in Figure 6. 

The degree of fading of the colored ether layer was by far the greatest for benzidine and 
minimal for dianisidine, o-tolidine and dichlorbenzidine. While all four compounds showed little 
fading up to 10 minutes, o-tolidine and dianisidine were stable up to 30 and 60 minutes, respec- 
tively. Although the data suggest that the color was usually stable for at least 10 minutes, there 
were exceptions; some samples were observed to fade after five or six minutes. Best results 
were obtained by making the colorimetric readings immediately. 

It was found that samples could be kept up to 30 minutes without danger of serious fading 
if surrounded by cracked ice. Such chilled samples, however, had to be referred to a standard 
curve determined under similar temperature conditions. 


2. A series of 43 pure and technical-grade aliphatic and aromatic compounds, chiefly amines, 
were screened at 440 mu to determine whether they might interfere with the analyses under the 
conditions outlined. In addition to the essential and nonessential amino acids, three other groups 
of compounds were also surveyed: (1) certain constituents of urine, namely, urea, creatinine, the 
purine bases; (2) drugs frequently used therapeutically, such as citrated caffeine, tripelennamine 


Tas_e 1.—Compounds Giving Positive Reactions with the Chloramine-T Test 


Seale Reading 
at 440 Mu, 
Colorimeter 
Compound Level, Mg. Color Produced Units 
Benzidine (standard of comparison)............... 0.005 Yellow 48 
cers 10.00 Yellow 96 


hydrochloride (pyribenzamine hydrochloride®), diphenylhydantoin sodium (dilantin® sodium), 
acetanilide, aminopyrine (pyramidon®), phenylephrine hydrochloride (neo-synephrine hydro- 
chloride®), sulfathiazole, sulfanilamide, sulfadiazine; (3) selected dye intermediates, namely, 
aniline, phenylhydrazine, acetoacetmetaxylidide (AMX), beta-oxynaphthoic acid (BON), 
alpha-naphthylamine, beta-naphthylamine, diphenyline, alpha-naphthol, and beta-naphthol. 
Weakly positive reactions were obtained with nine of the compounds, as shown in Table 1. 


The levels of these compounds required to produce colorimeter scale readings comparable to - 


that obtained with 0.005 mg. of benzidine ranged from 0.05 mg. (diphenyline) to 10 mg. (sulfa- 
thiazole, etc.). Such levels would be, with the possible exception of diphenyline, considerably 
higher than those generally expected to be found in small aliquot samples. Full therapeutic doses 
of the sulfonamides would interfere with the test, but the others were not a likely source of 
difficulty. 

3. In order to determine the optimum pH at which to perform the ether extractions of the 
urine samples, a series of recovery experiments were carried out with benzidine, dichlorbenzidine, 
and o-tolidine. For each of these compounds, the percent recovery from 50-ml. aliquots of human 
urine reenforced with 10 ¥ of the purified base was determined for a range of pH values as 
illustrated in Figure 7. These experiments showed that no detectable quantities of the reenforcing 
material remained behind in the urine after ether extraction at pH 8.5 + 0.2. 

4. The minimum time necessary for complete extraction was determined in a series of experi- 
ments wherein 50-ml. aliquots of human urine were reenforced with 10 ¥ of benzidine standard 
and extracted with ether (pH 8.5 + 0.2) for periods ranging from 30 seconds to 5 minutes. The 
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Tas_e 2.—Determination of the Minimum Time Necessary for Complete Ether Extraction 
of Benzidine Content of Urine at the Optimum pH 


Amount of 
Benzidine 
Standard Amount Per Cent 
Length of Extraction, Min. Added,y Recovered,y Reeovery 
10 7.0 70.0 
10 8.9 89.0 
ee | 
100 eo 
ly 
= 
: Bc 
> 80+ of } 
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pH 


Fig. 7.—Effect of pH on recovery of benzidine and substituted benzidines: (a) dichlor- 
benzidine curve; (b) o-tolidine curve; (c) benzidine curve. Determination of the optimum pH for 
ether extraction of urine samples (uncorrected for systematic error of the method). 


results are shown in Table 2. While the minimum time appeared to be three minutes, all extrac- 
tions reported herein were carried out in glass cylinders mechanically shaken for a period of five 
minutes. 

5. When the colorimetric observations were ready for computation, the readings were con- 
verted into corresponding concentrations by use of a standard reference curve, and were reported 
in terms of milligrams per liter of urine. 

Since the test failed to distinguish benzidine from the substituted benzidines, it was necessary 
to choose one of the four compounds under investigation to serve as the standard of reference. 
Benzidine base was chosen arbitrarily as the basis for the expression of all the analytical results 
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in cases of mixed exposure. Therefore, all colorimetric conversions were made from the 
benzidine reference curve (Fig. 4).22 

Thus, for example, 0.020 mg. of benzidine per liter of urine is equivalent to 0.019 mg. of 
dianisidine, 0.015 mg. of dichlorbenzidine, and 0.014 mg. of o-tolidine per liter. 

6. In those cases where massive amounts of pigment were formed, several extractions of 
the color with ether were necessary before the colorimetric measurements were possible; further- 
more, additional chloramine-T had to be added. When all the color was finally extracted into the 
ether, manifested by the colorless aqueous phase, the colorimetric readings were taken. 


Where the pigment developed caused colorimeter deflections greater than those units given 
by the standard reference curve, appropriate dilutions of the color were made with additional 
ether. This presented no difficulty in the final computations, since the correction for dilution was 


simply : No. of milliliters of ether 
No. of micrograms or milligrams used to dilute the color 

Corrected value 28 = in aliquot sampled (determined x 

from the reference curve) 10 


Tasie 3.—Summary of Recovery of Benzidine Added to 50.0-MlI. Aliquots of Human Urine 


Series 1 Series 2 Series 1 and 2 Combined 


Random Error of Measurement Related 
Amount Recovered Amount Recovered to Level of Measurement 


Urine Urine Variance Variance Standard 
Repli- Repli- Repli- in Micro- in% Deviation 
Mean, Mean,% cates Mean,y Mean,% cates cates grams Recovery in % 
0.625 83.3 0.009 162.15 12.7 
1.211 80.7 ee 0.056 249.02 15.8 
2.622 ’ J 84.7 ll 0.107 120.54 11.0 
4.100 ae 0.162 64.89 8.1 
9.229 i 86.7 7 0.542 54.16 74 
17.267 86.7 2.220 55.50 75 
26.350 88.5 13 3.803 42.36 6.5 
3 
7 


36.083 90.2 0.635 3.95 2.0 
42.067 81.6 7.085 23.84 54 
Weighted 

mean % = 86 54 
Weighted mean per cent recovery for Series 1 and 2 = 8 


Baobab 


7. The method was used successfully on air samples collected with Greenburg-Smith impingers 
charged with distilled water. The aliquot samples from the impingers were treated in the same 
manner. as described above, except that it was not necessary to centrifuge for 30 minutes at 
3,000 rpm. 


EXPERIMENTAL STUDIES 


Efficiency of the Method.—To determine the efficiency of the method as a micro- 
chemical screening technic, experiments were designed to show the over-all recovery 
of benzidine that could be expected from 50-ml. aliquots of human urine. 


22. If it is desirable to convert the milligrams of benzidine per liter to milligrams of dichlor- 
benzidine, dianisidine, or o-tolidine per liter, multiply by the appropriate conversion factor : 
mg. benzidine/liter <x 0.98 = mg. dianisidine/liter 


mg. benzidine/liter x 0.78 = mg. dichlorbenzidine/liter 
mg. benzidine/liter x 0.73 = mg. o-tolidine/liter 


23. This correction can be eliminated if there is a history of a massive exposure or a suspicion 
that large amounts of pigment will be developed by the analytical procedure. In such ‘cases the 
concentrations can be made to fall within the range of the reference curve by sampling 2- to 5-ml. 
aliquots of urine (diluted to 50 ml. with KC1-HsBOs buffer, pH. 8.4) instead of the 50-ml. 
aliquots recommended for the procedure outlined. 
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One hundred and fifteen replicates were studied, and all of the recovery data are, 
summarized in Table 3. The relationship between the amount of benzidine added to 
urine and the actual amount recovered is shown in Figure 8. In this figure all of the 


115 values were plotted to show ‘the spread of the recovery found at the various 
levels of measurement. 


DINE FROM URINE (IN 
3 


RECOVERY OF BENZ. 


~ 


10 20 3% 40 


ACTUAL VALUE OF  BENZIDINE ADDED 


7O URINE (NAG) 


Fig. 8.—Accuracy of colorimetric determination: Comparison of observed and actual values 
of benzidine obtained by analyses of 115 urine replicates. 
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RANDOM ERROR /N 


LEUEL OF MEASUREMENT 


Fig. 9.—A graph showing the random error of the method decreasing with increasing levels 
of measurement. (Points are taken from Table 3.) 


It was reasonably well established that a loss of 14.2% occurred at all levels and 
that there was no trend or dependency of this correction factor. The mean percent 
recovery by level of measurement and the number of replicates at each level, as 
shown in Table 3, were satisfactory evidence thereof. Hence, the method deter- 
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mined systematically 85.8% of the true value, and all measurements were corrected 
accordingly. 


The random error also had no simple dependency; the variance expressed in 
micrograms (y) increased systematically with the level of measurement, so that 


g 


GLASSMAN 


(MILLIGRAMS OF BENZ/DINE 


PER LITER OF URINE) 
g 


P= +07472 
P ¢0,001 


WALDMAN 
(MILLIGRAMS OF BENZIDINE 
PER LITER OF URINE) 


Fig. 10.—A scattergram showing the correlation between results obtained in two laboratories 
using the same screening technic on urine samples from exposed industrial workers. 
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Fig. 11—A scattergram showing the correlation between results obtained in two laboratories 
using the same screening technic on air samples. 


no general expression could be obtained (Table 3). Conversely, the variance 
expressed in percentage recovery showed the opposite trend, decreasing with increas- 
ing levels of measurement. That is to say, the variance at the 50 y level was 
significantly less than that at the 3 y level. The random error of measurement 
related to the level of measurement is illustrated in Figure 9. 
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Reliability of the Method (Collaborative Studies ).—Thirty-eight urine samples 
from exposed workers in a benzidine plant were analyzed; 21 of them were the 
subject of a collaborative study.** 

Morning urine samples were collected once a week for seven weeks in brown- 
glass bottles, and the content of each was then divided into two equal portions ; one 
portion was analyzed in this laboratory, and the other was sent to the state labora- 
tory in Hartford. Both laboratories used the method outlined. 

In the scattergram (Fig. 10) the results of the two studies were plotted 
against each other and showed that reasonably good correlation existed between 
the two laboratories. 

A “T” test ?* for the differences between the observers and an analysis of vari- 
ance for paired observations (“F” test *°” for treatment) indicated that the variation 
between observers was no greater than would be expected to occur at random or by 
chance. 

Six air samples (Greenburg-Smith impingers ) were collected by a representative 
of the Bureau of Industrial Hygiene, Connecticut State Department of Health. 
The impingers were charged with 100 ml. of distilled water and operated at a rate 
of 1 cu. ft. per minute. After the samples were collected, the impingers were taken 
to the state laboratory, where the content of each was divided into two equal por- 
tions. As in the previous collaborative assay, one portion of each sample was 
analyzed in this laboratory and the other in the state laboratory.”* 

Figure 11 is a scattergram of the analytical results obtained in the two labora- 
tories. Again, reasonably good correlation between the variates was indicated, 
and the differences between the laboratories were no greater than would be expected 
to occur at random or by chance. 


COMMENT 


The method presented is applicable in occupational health programs and can be 
employed satisfactorily as a semiquantitative screening procedure for estimating 
relative exposure. It has advantages over the method of diazotizing ether extracts 
of suspected samples in acid solution and subsequently coupling with Bratton- 
Marshal reagent, R-salts, H-salts, etc., to make a dye measurable colorimetrically. 
Since normal urine contains small and variable amounts of extractable, diazotizable 
amines, an uncorrectable background color is produced which causes overestima- 
tions and false positives. This characteristic is eliminated by the chloramine-T 
procedure. 

Although benzidine and the substituted benzidines are chemically similar and 
have closely related maximal absorption bands, the slopes of the standard curves are 
slightly different. Furthermore, preliminary extraction studies suggest that the 
amounts recovered from reenforced urine samples tend to be slightly different for 
these chemicals but within the range of 85 to 100% recovery. 


24. This study was performed in collaboration with Dr. R. K. Waldman, Bureau of Industrial 
Hygiene, Connecticut State Department of Health, Hartford. 

25. (a) Fisher, R. A.: Statistical Methods for Research Workers, New York, G. E. Stechert 
& Co., 1941. (b) Snedecor, G. W.: Statistical Methods Applied to Experiments in Agriculture 
and Biology, Iowa, Collegiate Press, Inc., 1937. 

26. This study was performed in collaboration with Dr. R. K. Waldman, Bureau of Indus- 
trial Hygiene, Connecticut State Department of Health, Hartford. 
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For the proper evaluation of the results obtained under the conditions of the 
test, certain requirements must be met: 1. Each laboratory should set up its own 
standard curve. 2. Each laboratory should reenforce a series of urine samples with 
known amounts of the standard solution (over an adequate range of values) and 
determine its own systematic error and random error (as correction factors). 
Moreover, laboratories interested in determining the reliability of the results 
reported by two or more analysts using the same procedure and observing appro- 
priate care in manipulations may do so by performing experiments similar to the 
collaborative assays already described. Statistical analysis of such an experiment 
(comparison of a series of assays) should show no significant difference between 
the analysts and should provide a correlation coefficient (r) of 0.7 to 0.8 or better. 


SUMMARY 


A semiquantitative method is described for determining microquantities of 
benzidine, dichlorbenzidine, dianisidine, and o-tolidine in various media. 

It consists of ether extraction at alkaline pH of the material to be tested, and 
concentration of the material in a small volume by distillation of the ether. Hydro- 
chloric acid and chloramine-T reagent are added, whereupon a yellow-colored 
complex is formed by the benzidine or substituted benzidines. This chromogen is 
extracted with ether, and the yellow color is measured in a photoelectric colori- 
meter. Since the test is not specific for any of the four compounds, it is described 
as a test for quinonizable material. 

It has been used to identify the benzidines in air samples (collected in liquid), 
urine, and feces. 

It may be used for estimating relative industrial exposures, since it will measure 
as little as 20 y of quinonizable material per liter of urine, and normally occurring 
human urinary constituents do not interfere with the test. 


Dr. W. T. Salter, of the Department of Pharmacology, Yale University School of Medicine, 
aided in this investigation with invaluable advice and suggestions. Dr. L. J. Sciarini, of the 
Department of Pharmacology, and Dr. P. L. Munson, now with the Harvard School of Dental 
Medicine, gave assistance with numerous technical problems. Dr. Johannes Ipsen, now with the 
Harvard School of Public Health, helped with the statistical treatment of the data. Cooperation 
of the Bureau of Industrial Hygiene, of the Connecticut State Department of Health is also 
acknowledged. 


Present address of Dr. Glassman: Wyeth Institute of Applied Biochemistry, 900 N. Broad 
St., Philadelphia. 
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A STUDY OF EXPOSURE TO BENZIDINE AND SUBSTITUTED 
BENZIDINES IN A CHEMICAL PLANT 
A Preliminary Report 
J. WISTER MEIGS, M.D. 
ROBERT M. BROWN, M.P.H. 


AND 


LOUIS J. SCIARINI, Ph.D. 
NEW HAVEN, CONN. 


EVERAL years ago, we were asked to give medical advice to the management 

of a chemical plant manufacturing benzidine and three substituted benzidines. 
The four compounds, benzidine, dichlorbenzidine, dianisidine, and ortho-tolidine, 
are illustrated in Figure 1. These compounds are valuable dye intermediates ; how- 
ever, there has been concern for many years that at least one of them, namely 
benzidine, may cause cancer of the urinary bladder. 

Reports from Germany,’ Italy,? England,’ Switzerland,* and the United States * 
cite evidence that workers who have been involved in manufacturing benzidine for 
periods of 10 years or more have an unusually high incidence of bladder tumors. 


These men are alleged to have had no other exposure to known carcinogens, such as 
beta-naphthylamine. The latter has frequently been manufactured in the same 
buildings or areas as benzidine. Animal studies have not been conclusive,® although 


From the Section of Occupational Health, Department of Public Health, Yale University. 

This study was supported in part by a grant from the National Cancer Institute, United 
States Public Health Service. 

This paper was presented in part at the Annual Meeting of the American Industrial Hygiene 
Association, Atlantic City, N. J., April 25, 1951. 

Cooperation and assistance were received from the plant management, as well as from 
Dr. Albert S. Gray and the staff at the Bureau of Industrial Hygiene, Connecticut State 
Department of Health. 

1. Kern, J. G.; Thornton, I. T., and Helfaer, B. M.: Report on Occupational Diseases 
Related to the Manufacture of Benzidine at I. G. Farbenindustrie, A. G., Leverkusen (Germany), 
Technical Industrial Intelligence Division, United States Department of Commerce, Fiat Final 
Report No. 1022, Jan. 11, 1947. 
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recently Baker,’ in England, has reported bladder tumors in mice which had received 
subcutaneous injections of dihydroxybenzidine in olive oil. The dihydroxy- 
benzidine had been extracted from the urine of men engaged in benzidine manu- 
facturing processes. 

In the particular plant with which we have dealt, the manufacture of benzidine 
involves zinc reduction of nitrobenzene, rearranging of hydrazobenzene to benzi- 
dine, removing of impurities with charcoal by filtration in a filter press, salting out 
of the benzidine in acid solution, filtration of the resultant slurry, and packing of 
the acid salt into barrels. Reduction and rearrangement do not appear to offer 
serious exposure to benzidine, since the operations are almost completely enclosed. 
Filtration and packing, which are carried out in the same room, present the major 
exposure problems. There are opportunities for exposure to various unidentified 
impurities in removing the cake from the filter press. These impurities get on the 
gloves and clothing and probably get through to the skin to a greater or less 
degree, depending on the care taken by the worker. The hot solution containing 
benzidine and passing through the press may get into the room from leakage. In 
the final filtration, the slurry may splash on clothes. Removing the acid salt from 
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Fig. 1—Structural formulae of benzidine and three substituted benzidines. 


the filter and packing into barrels usually result in some of the benzidine getting on 
clothes, gloves, and skin. There is also some air contamination from acid mists 
containing measurable amounts of benzidine. In summary, benzidine may get into 
the respiratory tract from the air, into the gastrointestinal tract from contaminated 
fingers, cigarettes, or food, and onto the skin directly or from contaminated clothing. 

With this background, we may define the occupational health problem more pre- 
cisely. First, if something about the manufacture of benzidine may expose workers 
to a carcinogen, what is the carcinogen? Second, if benzidine itself is the biggest 
factor in the production of the reported bladder tumors, is there a “safe” exposure ? 
Can we establish a hygienic standard for atmospheric concentration or a threshold 
limit value? Third, if we assume that benzidine is the important factor, can we 
estimate the exposure which a worker has had? Fourth, if we can measure the 
exposure that has occurred, can we determine the relative importance of the three 
routes, lungs, gastrointestinal tract, and skin? Fifth, if we can determine the routes 


of penetration, can we devise effective control measures to be applied in manu- 
facture? 

7. Baker, K.: The Carcinogenic Activity of Dihydroxy Benzidine, read before the Fifth 
International Congress on Cancer Research, Paris, France, July 20, 1950; research sponsored 
and report published by Clayton Aniline Company, Ltd., Manchester, England. 
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The first question—what is the exact nature of the carcinogen ?—we have not 
answered. Baker‘ suggested that it is dihydroxybenzidine and that this chemical 
is produced in the body and appears in the urine as a metabolite of benzidine. The 
question of a threshold limit value with a carcinogen is a challenging one. Radi- 
ologists have more leukemia than the rest of the population, but all persons receive 
some x- or gamma radiation. People who work outdoors a great deal have more 
skin cancer, yet all persons are in the sun at times. Many have handled benzidine in 
the laboratory in testing for occult blood in feces. We know of no evidence that a 
high incidence of bladder tumors will result. Nevertheless, occupational-cancer 
reports * suggest that bladder tumors associated with benzidine exposure may appear 
or be recognized after very long periods following the last known exposure. We 
cannot establish a threshold limit value for benzidine at this time; however, its 
eventual accuracy for human exposure will depend in part on reasonably accurate 
records of exposures of a group of workers who have been followed clinically as 
well as occupationally for many years. 

In attempting measurement, we were fortunate in getting help from Dr. W. H. 
Maguigan, of the National Aniline Division, Allied Chemical & Dye Corporation. 


TaBLe 1.—Bensidine and o-Tolidine Penetration of Human Skin 


Recovery of Quinonizable Sub- 
stance from the Urine, . Mg. 
Compound se, of Expo- ¢ ‘ontrol 
Subject Used Type of Exposure . sure, Hr. Day Ist Day 2d Day 
F o-Tolidine On hand under . <0.020 0.082 <0.020 
hydrochloride surgical rubber 
glove 
G* Benzidine base On volar surface 48 <0.020 0.025 <0.020 
of forearm under 
3em. gauze and 
adhesive patch 


*In — G a severe contact dermatitis with vesieulation developed after this application. He had 
exposed some weeks previously to benzidine hydrochloride. 


He suggested a method for detecting free benzidine in urine. This method is being 
published.* It involves extracting the benzidine with ether, concentrating the ether 
extract to a small volume, forming of a yellow-colored complex with chloramine-T 
reagent in acid solution, reextracting the chromogen in ether, and measuring the 
yellow color in a photoelectric colorimeter. It is applicable with urine, feces, plasma, 
and other liquids, including water or solvents used to collect air samples. It 
measures the substituted benzidines as well as benzidine and does not distinguish 
between them. 

Studies made with this method on dogs and a few human volunteers showed that 
iess than 10% of a dose administered by the gastrointestinal route was excreted 
unchanged in the urine. In dogs it appeared that this percentage was reasonably 
stable for a particular animal at all exposure levels studied. To test the possibility 
of a skin penetration, two human volunteers placed benzidine and o-tolidine on the 
intact skin of the forearm or the hand. The results are illustrated in Table 1. 
Small quantities of the yellow-colored complex, hereinafter described as quinonizable 
substance, were measured in 24-hour urine specimens. In applying the test to the 


8. Glassman, J. M., and Meigs, J. W.: Benzidine (4,4’-Diaminobiphenyl) and Substituted 
Benzidines: A Microchemical Screening Technic for Estimating Levels of Industrial Exposure 
from Urine and Air Samples, A. M. A. Arch. Indust. Hyg., this issue, p. 519. 
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plant situation, we could not distinguish the various products from one another, so 
it was decided arbitrarily to report all results with the chloramine-T test as 
quinonizable substance expressed as benzidine. The maximum error introduced 
by this was about 25%. In some of the animal work involving large doses, the 
results obtained by using the chloramine-T test were checked against results using 
the diazo reaction with the Marshall and Bratton reagent. The latter test was not 
applicable in our plant studies, where exposures were relatively small, because the 7 
normal urinary blank was so large and so variable as to interfere with accurate 
analysis. 
PLANT STUDIES—1948-1950 


Representatives of the Connecticut State Department of Health collected air 
samples on three occasions. Data on a total of 16 samples thus collected from the 
breathing zone of workers at different points of manufacture are presented in 
Table 2. The highest concentrations were found in the press room. The highest 
single concentration was 0.087 mg. of quinonizable substance (expressed as ben- 
zidine) per cubic meter of air, and the mean of 13 analyses from the press room 


Taste 2—Air Samples—1948, 1949 A 


Result 
(Quinonizable 
Substance 


Press room 


was 0.024 mg. per cubic meter. Samples from the reduction room and elsewhere 
showed less than 0.004 mg. per cubic meter. 

Dust samples were collected. Accumulated dust was taken from seven different 
points on beams or shelves in the press room in June, 1950. There was a mean 
content of quinonizable substances of 0.05%. Dust settling in these same areas from 
June 5 to 23, 1950, was collected on clean slides. This had a mean content of 0.59% 
quinonizable substances. In these tests, the results were confirmed by the use of 
Marshall and Bratton reagent. 

Urine samples were also analyzed. Preliminary tests showed that controls from 
University personnel or plant personnel entirely away from the benzidine operations 
contained no detectable quinonizable substance. The usual limit of sensitivity of 
the test was 0.020 mg. per liter. We can say that there was less than 20 y per liter 
of quinonizable substance in the urine of the normal control. Interference from 
therapeutic doses of sulfonamides is one of the few possibilities that might confuse 
an individual result. This was not a factor in our experience. 

Tests of overnight samples from men working in benzidine manufacture, par- 
i ticularly from those in the press room, showed significant quantities of quinonizable 
P substances. To avoid contamination of urine specimens, we instructed each worker 
individually on how to collect specimens. This included washing his hands and 
using the technique for the bacteriologically clean voided specimen. Examination 
of the results showed that they were consistent with exposure histories and that 
contamination would not explain the high results. In an effort to define the amounts 
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actually excreted by different workers under varying conditions in the press room, 
two fairly extensive studies were performed, first from June 5 to 16, 1950, and 
again from Dec. 1 to 22, 1950. A total of 271 urine samples from 38 individuals 
were analyzed. 


The question arose whether the results in press-room workers should be pre- 
sented as a group or segregated according to the work histories of the men for the 
periods preceding the voiding of the urine samples. After dividing the samples 
from press-room workers by exposure histories, we found that the mean concentra- 
tion of quinonizable substances did not differ significantly for any of the individual 
groups from the mean for the entire press-room group. Therefore, we treated all 
results from workers in the press room as representing a single group. 


The results already presented suggested that air contamination would not 
explain all the quinonizable substance found in the urine. Therefore, in June, 1950, 
we studied three workers to evaluate the factor of clothing contamination. Each 
worker wore the same undershirt, shorts, and gloves throughout the eight-hour 
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Fig. 2.—Total content of aromatic amines in clothing and concentration of quinonizable 
substance in urine of three workers. 


working day for five successive days. These clothes were collected and analyzed 
for total content of aromatic amines, use being made of both the chloramine-T 
test and the Bratton and Marshall reagent. In ihe case of gloves, only the linings 
were tested. Figure 2 shows a comparison between the results on clothing and 
the mean urinary concentration during this five-day period, with samples being 
taken at 6:30 a. m., 11 a. m., 4 p. m., and 11 p. m. Correlation between under- 
clothing contamination and mean concentration is suggested with the lowest con- 
centration, 0.274 + 0.077 mg. per liter, from the worker with only 30 mg. in his 
underclothing and gloves, the next lowest, 0.501 + 0.026 mg. per liter, from the 
worker with 125 mg., and the highest, 1.602 + 0.208 mg. per liter, from the worker 
with 330 mg. in his underclothing and gloves. 

It can be seen that if we assume 10 cu. m. as the quantity of air breathed by a 
worker over an eight-hour day and our maximum figure of 0.087 mg. per cubic 
meter as the air concentration of benzidine or substituted benzidine and at least 
1 liter of urine as the amount excreted daily, pulmonary retention of 100% of the 
benzidine or substituted benzidine followed by excretion of this total amount in 
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the urine would give a urinary concentration of only 0.870 mg. per liter of 
quinonizable substance expressed as benzidine. This is only about half of the mean 
concentration of 1.602 mg. of quinonizable substance found in the urine of one 
worker. Efforts were made by the representatives of the Connecticut State Depart- 
ment of Health to confirm the validity of the air-sampling techniques and methods. 
It was concluded that the major portion if not all of the benzidine present in the 
air was being collected and measured and that other routes, in addition to the 
respiratory one, were involved in determining total exposure to benzidine and 
substituted benzidines in the plant in question. 

Figure 3 was prepared to offer further evidence on this point. Five press-room 
workers on the day shift were studied for two weeks in June and December, 1950. 
Urine samples were collected four times a day; however, study and statistical 
analysis showed that the 6:30 a. m. and the 4 p. m. samples were the most suitable 
for graphic presentation. It can be seen that the Monday morning samples (taken 


Fig. 3—Comparison of June and December weekly concentrations of — substance 
and of morning and evening weekly concentrations. 
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after 48 hours absence from the plant) started at about the same concentrations 
in both June and December. However, in June there was a progressive increase in 
the 6:30 a. m. concentrations throughout the week, while in December, the con- 
centration on Friday morning was almost the same as that on Manday. The Friday 
afternoon samples in the June experiment contained about 10 times the concentra- 
tions of benzidines that were in the Monday afternoon samples. In the December 
series there was actually a lower mean concentration of benzidines in the Friday 
than in the Monday afternoon samples. This was caused by a high concentration 
in the Monday afternoon sample of one worker. It could not be determined whether 
this was due to contamination of the specimen or to an unusual exposure. Accord- 
ingly, the point was noted on the graph but was not used in calculating the trend 
line. Between June and December, 1950, changes were made in plant procedures 
whereby clean clothing from the skin out was supplied before each work shift, and 
taking a shower after each work shift was made compulsory. 
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The trends in mean urinary concentration of quinonizable substance expressed 
as benzidine at different times of day over two-week periods in June, 1950, and 
December, 1950, are shown in Figure 4. These results were from 12 men known 
to have had comparable work histories in the press room. Thirty-eight specimens 
were voided at 6:30 a. m., 30 at 12 noon, 81 at 4 p. m., and 34 at 11 p. m. Statistical 
analysis showed that the over-all mean 4-p. m. concentration of 1.125 + 0.213 mg. 
per liter was significantly greater than the mean 6:30-a. m. concentration of 
0.406 + 0.080 mg. per liter. The mean 4-p. m. concentration of 1.482 + 0.288 mg. 
per liter in June was significantly greater than the mean 4-p. m. concentration of 
0.433 + 0.014 mg. per liter in December. The trend toward increasing urinary 
concentration with increasing exposure throughout the day is illustrated in the 
graph, as is the drop in concentration between 4 p. m. and 11 p. m. It should be 
noted that the mean 4-p. m. concentration in December is less than the mean 
6:30-a. m. concentration in June. These concentrations were not adjusted for 
specific gravity, because our data on specific gravity were incomplete. This was 
due to the fact that some of the samples were too small for specific gravity to be 
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Fig. 4.—Trends of mean urinary concentration of quinonizable substance at different times 
of day over two-week periods in June and December, 1950. 


measured with the apparatus we were using. However, corrections were calculated 
for a series of 50 urines for which specific gravity was recorded, and the use of the 
corrected figures did not alter any of the trends described. 


COMMENT 


Although present evidence strongly suggests that benzidine is a carcinogen, 
this has not been proved conclusively. Nevertheless, we have assumed arbitrarily 
that it is important to define exposures to that substance as accurately as possible. 
We do not have a threshold limit value for benzidine. The results suggest that the 
usual concept of a threshold limit in the air may not apply very closely to the 
manufacture of benzidine. The levels of air contamination are too low to explain 
many of the urinary concentrations observed, even if we assume 100% excretion 
of benzidine absorbed from the air through the lungs. Since both animal and 
human studies suggest less than 10% excretion of the original dose, we believe we 
must look beyond the general room air to understand the exposure or to control it. 
Local high concentrations of dust might be important, but there is little evidence 
on this point. 


= 
‘ 
1.0 
‘ 
x 
0-5 
4 
| 
23 
| 
{ ‘ 
3 
- 


540 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Examination of accumulated dust, with only 0.05% amine content, and freshly 
settled dust, with 0.59% amine content, suggests that there is not much accumulation 
of active material over a period of time in the building where such material is made. 
Perhaps oxidation gradually destroys the organic material. Perhaps some of it is 
lost as vapor. In either case there is the suggestion that if dust exposure is 
important, fresh dust is much more hazardous than old dust. 

Relative exposure to the benzidines can probably be measured satisfactorily by 
performing the chloramine-T test on urine voided by workers at the end of the 
work shift. The difference in mean concentration at different times of day and the 
significant increase during a day’s exposure suggest that some care must be taken 
to collect urine samples systematically relative to time of exposure if comparable 
results are to be expected. Our measurements of urinary concentration at different 
times of day and year and in different workers suggest that at these exposure levels 
there is not much accumulation of benzidines in the free state in the body. 

Our clothing studies and correlations give evidence that clothing contamination 
and skin contamination may be the most important factor in determining the relative 
levels of excretion in different workers. We believe our data from human volunteers 
support the conclusion that skin penetration may be responsible for a large part of 
the urinary quinonizable substance measured. However, pulmanary absorption 
probably takes place also, and contamination of cigarettes or food cannot be excluded. 

The significantly lower mean urinary concentrations of quinonizable substances 
in December, 1950, than in June, 1950, may be related to changes in plant-hygiene 
procedures, whereby putting on clean clothes from the skin out before each work 
shift and taking a shower after each work shift were made compulsory before the 
December, 1950, studies. There is also some reason to suspect that higher con- 
centrations are observed on very hot days than in moderate or cold weather. 


SUMMARY 


This study was made in a chemical plant in which workers were exposed to 
the dye intermediates benzidine, dichlorbenzidine, dianisidine, and ortho-tolidine. 
A microchemical method based on quinone formation was used for measuring these 
substances. Air samples taken in the press room contained concentrations of 
quinonizable substances (expressed as benzidine) ranging up to 0.087 mg. per 
cubic meter. Excretion of benzidine and substituted benzidines was studied by 
measuring the concentration of quinonizable substance in urine samples from 
workers and controls. Press-room workers showed the highest concentrations. In 
several cases these concentrations were greater than could be explained by inhalation 
alone. A correlation was found between contamination of underclothing and glove 
linings and urinary concentration. When the same work clothes (including under- 
clothing) were worn throughout the work week, the urinary excretion of quinoniz- 
able substances increased as the week progressed. When clean work clothes were 
provided daily, there was no such progressive increase. There was significantly less 
daily excretion of quinonizable substances after strict personal hygiene was enforced 
and clean clothes were provided. This suggests that skin penetration may play an 
important role in worker exposure. Tests on two human volunteers proved that 
benzidine base and o-tolidine dihydrochloride will penetrate the intact skin. Irre- 
spective of other conditions, the specimen voided at the end of the work shift showed 
the highest concentration of quinonizable substance for each day. 
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REHABILITATION OF PERSONS WITH PULMONARY DUST DISEASE 


O. A. SANDER, M.D. 
MILWAUKEE 


HEN ONE realizes that rehabilitation means the restoration of an injured 

workman to his former state of efficiency and earning capacity, the term seems 
on first thought to be misapplied with regard to those who are found to have lung 
changes due to inhalation of dusts. It implies that a disability already has developed 
which requires treatment, and it does not include the concept of prevention. If pre- 
vention of the dust diseases is complete, there will be no one to rehabilitate, because 
there no longer will be disability resulting from dust exposure. Until that happy 
state arrives for all dusty trades, however, there will continue to be workmen in 
whom lung changes will develop, due to inhalation of certain dusts. The chief 
efforts of industrial physicians, then, should be directed to this group to prevent 
their becoming disabled as a result of these lung changes, instead of waiting until 
they are disabled so they will need rehabilitation. 

What methods are available to prevent disability in a worker with pneumoconi- 
osis ? The first thought of the inexperienced adviser is to recommend that the affected 
worker be removed from his job. Such advice is being given daily by medical men 
with the sincere belief that they are doing the right thing for their patients. Yet, 
it does exactly what the doctor is trying to prevent. The advice actually causes dis- 
ablement in more persons in some trades than does the lung condition itself. 
Wright? has very aptly called this iatrogenic (or doctor-induced) disability. To the 
patient it is just as real as the disability from advanced pathologic change. The symp- 
toms usually begin when the worker is told by his physician that his “lungs are full 
of dust” or “all clogged up with dust.” Countless such cases could be cited, but only 
a few will be briefed later to illustrate the point. 

Among the reasons why many physicians give such ill-advised opinions are lack 
of thorough understanding of the pathology and the physiological mechanisms of 
the various types of pneumoconiosis, lack of appreciation that all dusts are not 
harmful, lack of understanding of the working environment, and lack of precise 
diagnosis before giving such advice. All too often an exaggerated linear or nodular 
pattern on the chest roentgenogram is the only criterion used in making a diagnosis 
of a disabling pneumoconiosis. It is not within the province of my discussion to 
differentiate the benign pneumoconioses which cause no impairment of lung function 
from those which may lead to a disabling fibrosis or to cite the numerous diseases 


Read at the Elevénth Annual Congress on Industrial Health, Sponsored by the American 
Medical Association, Atlanta, Ga., Feb. 28, 1951. 


1. Wright, G. W.: Physiological Aspects, in Vorwald, A. J.: Pneumoconiosis, New York, 
Paul B. Hoeber, Inc., 1950, Chap. 10. 
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which may give roentgen patterns simulating silicosis. Hamlin* and others have 
done that. Suffice it to say that unless all of the differential diagnoses are considered 
with each case and unless the dust-exposure factors in the present and past working 
environments are evaluated in detail, misdiagnoses will continue to be made. 

On the positive side, what methods are available to prevent disability in a worker 
who has early silicosis or asbestosis? The most effective way is to reduce the dust 
dissemination at his work and to leave him on the job he has been trained to do. 
Experience in the foundry industry, particularly, indicates this to be a perfectly safe 
solution of the problem in industries which are willing to reduce their dust hazards 
to apparently safe levels. The progression of silicosis in foundry workers has 
decreased in direct proportion to the decrease of silica dust in foundry atmospheres. 
My associates and | have under observation hundreds of foundry workers who had 
evidence of silicosis in 1933 and who still are doing their regular work without 
difficulty. In some, of course, the disease has progressed, but real disability from 
their disease has developed in relatively few. Occasional jobs require that the work- 
ers have special respiratory protection with approved respirators, and occasional 
shifts to other jobs have had to be made. Before anyone is moved, however, all 
factors, including the psychological, are carefully evaluated. Some few workers have 
been retired completely, but here, too, all factors are considered before such a move 
is made. As stated recently by two French physicians, Hanaut and Roche,’ all of the 
clinical acumen which can be mustered is necessary to decide “when it may not be 
too early and not too late to make a half-invalid of an active workman.” 


Another method of preventing disabling silicosis which has achieved some popu- 


larity in the past 10 years is aluminum dusting.* Some observers feel very strongly 
that they have been able to prevent progression of silicosis by giving daily inhala- 
tions of aluminum dust to the workers and keeping them at their regular jobs. 
This may eventually be shown to be an effective procedure in certain highly 
silicious trades in which adequate dust control is difficult to achieve, but it is too 
early to be certain that this will be so. It is my opinion that aluminum dusting has 
no place in industries which can control their dust hazard adequately, as the foundry 
industry has demonstrated it can do. 

Another way that workers with silicosis may be protected from becoming dis- 
abled is to prevent respiratory infections as far as possible. First of all, their 
opportunities for contact with persons having tuberculosis must be reduced to a 
minimum. This is being done in plants having periodic x-ray surveys of all employees 
and hospitalizing those who have active tuberculosis. Outside the plant the oppor- 
tunities for such contact are more difficult to control. Community-wide surveys are 
gradually reducing the number of unknown cases of active tuberculosis, but far too 
many such persons with undiscovered disease still are at large in our homes and 
streets. I believe we have missed a preventative opportunity by not insisting that 


2. Hamlin, L. E.: Chest Conditions Simulating Silicosis, Indust. Med. 15:376-381, 1946. 

3. Hanaut, A., and Roche, L.: Treatment of Silicotic Pneumoconioses, Presse méd. 
58:589 (May 27) 1950; abstracted, A. M. A. Arch. Indust. Hyg. & Occup. Med. 3:103 (Jan.) 
1951. 

4. Brown, E. W., and Van Winkle, W., Jr.: Present Status of Aluminum in the Therapy 
and Prophylaxis of Silicosis, J. A. M. A. 140:1024-1029 (July 23) 1949, 
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all persons living in the homes of workers with silicosis have chest roentgenograms 
made periodically. This has been done in some mining communities but not at all 
in most industrial cities. 

As for other respiratory infections, including the common cold, too little attention 
has been paid to preventing them in workers with silicosis. Colds should be actively 
treated and not neglected, so as to forestall as far as possible the more serious 
bronchial and lung infections. Excessive smoking should be discouraged and stopped 
altogether if possible, so as to reduce bronchial irritation to a minimum. The com- 
monest cause of emphysema of the lungs is repeated bronchial infection, which must 
be especially prevented in persons with silicosis if functional impairment is to be 
prevented. Severe chronic sinus infection should have active treatment for the same 
reason. Although it is my observation that severe chronic bronchitis is no more 
prevalent in foundry workers with simple silicosis, it is well known that a silicotic 
worker will become disabled faster if he contracts it. 

So far I have discussed only the prevention of disability in persons with fibrotic 
pneumoconiosis and have said nothing about the assigned subject—rehabilitation. 
The reason is obvious. With advanced silicosis and secondary emphysema in which 
lung function has been impaired to a significant degree, little can be done to restore 
the former capacity for work. However, it is quite true that too few attempts have 
been made in this direction in the past. More active treatment definitely is indicated 
in disabled workers, even if it is only symptomatic in its results. Severe cough must 
be controlled. Excessive secretions must not be allowed to stagnate in the lower 
lobe bronchi. Bronchodilator drugs are indicated where there is evidence of bron- 
chospasm and where improved drainage of bronchial secretions is necessary. Gordon 
and Motley * have shown some rather striking improvement of lung function in their 
disabled coal miners by the use of these methods plus their intermittent positive- 
pressure breathing treatments. The improved ventilation of the lungs which results 
from these treatments has restored many miners to their former jobs or to similar 
but less dusty ones. These studies have made a real contribution to the rehabilita- 
tion of disabled silicotic coal miners. Although such better breathing seems to be 
more or less temporary, the procedures create such a frank improvement in the 
morale and feeling of well-being of many of these miners that their use should be 
encouraged for all types of disabling lung fibrosis and emphysema. 

Another procedure which has improved ventilation, particularly in cases in which 
there is high-grade, nonobstructive emphysema, is support of the lower part of the 
abdomen with its resulting support of the diaphragm. Pneumoperitoneum also has 
been used in such cases, with some symptomatic improvement in nonobstructive 
emphysemas. Such measures are contraindicated, however, with high-grade obstruc- 
tive emphysema. 

All of these efforts to restore sufficient former capacity for work so that a truly 
disabled worker can be at least partially rehabilitated are most laudable and should 
be tried in every case. But I return to my original thesis that if progressive patho- 
logic involvement of the lung is prevented and such a worker is reassured that he 
has little to fear, rehabilitation need never be discussed, as the following report of 
cases will indicate. 


5. Gordon, B., and Motley, H. L.: Pathological and Physiological Factors Involved in 
the Treatment of Silicosis in Coal Miners, Arch. Indust. Hyg. & Occup. Med. 2:365-373 
(Oct.) 1950. 
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REPORT OF CASES 


The first two cases are those of foundry workers who in 1934 had evidence of a 
nodular form of silicosis. The question whether they should be removed from their 
jobs was strongly considered at that time. After analysis of all the factors, including 
their ages, the extent of their past dust exposure, and the marked improvement 
being made in dust control in those foundries at that time, the decision was made 
to keep them at their regular work. 

Case 1—A worker, aged 56 in 1934, had been a swing grinder in a large steel foundry for 
32 years. His pulmonary condition was diagnosed as minimal nodular silicosis in 1934. There 
has been only slight increase in nodulation in the past 16 years, with this man continuing to be 
employed as swing grinder until he was retired last year. The diagnosis now is siderosilicosis, 
since we now realize that the iron inhalation and deposition with grinders is a material factor in 
the roentgen nodular pattern. There are no respiratory symptoms. 


Case 2.—This man was 47 in 1934. He had been a molder in a large steel foundry for 
27 years at that time. He had no symptoms. His pulmonary involvement was diagnosed as 
nodular silicosis (early second stage), and he was kept at work under improved conditions of 
dust control. There has been been a slight but insignificant increase in the nodulation in the 
past 16 years and the man is still working, without symptoms. 


These are only two of many such workers who have been under observation for 
from 10 to 18 years. They were not told in 1934 that their lungs were “full of sand” 
or “all scarred up” from dust. They were told, however, that they had minimal 
changes due to their past dust exposure and were assured that they could safely 


continue their regular work because of the big improvement in the dust control which 
their foundries were undergoing. 


Case 3.—This case represents one of our early mistakes. The worker concerned was 46 in 
1933. He had been a grinder in a steel foundry for 14 years, at which time he already had 
what was then called a moderately well developed nodular silicosis. He was advised by us to 


6. Hamlin, L. E., and Vorwald, A. J.: Siderosis, Indust. Med. 19:151-180 (April) 1950. 
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Fig. 3 (Case 3).—Roentgenograms taken in 1933 and 1949. 


Fig. 4 (Case 4).—Roentgenograms taken in 1933 and 1944. 
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do only nondusty work in the future and was denied a job as a grinder. After filing a claim for 
compensation in 1934, he received a 50%-permanent-disability award against his last employer. 
He alleged definite symptoms of pulmonary dysfunction at that time. In 1941, during the peak 
of defense production, he wanted to return to his old grinding job and stated that he felt fine 
and had no symptoms. As we? had become “siderosis conscious” by then, and had found no 
material increase in his nodulation, we allowed him to return to grinding. At 64 he still is 
grinding, without symptoms or impaired lung function. 

Case 4.—The worker was 57 in 1933. He had been a welder in a foundry cleaning room for 
22 years up to 1941. He contracted a respiratory infection and “flu” in 1941, and was “x-rayed” 
by his family physician, who told him that his lungs were “full of dust.” He was advised to 
quit the foundry and welding trade. Severe dyspnea persisted after the “flu” and he refused to 
return to work (resulting in a 40-lb. [18 kg.] gain in weight, which further increased the 
dyspnea). He received an award for total permanent disability due to silicosis in 1942 and 
retired in California. He returned for a visit in 1947 and was found to have lost the excess 


Fig. 5 (Case 4).—Roentgenogram taken in 1947. 


weight and most of the dyspnea on exertion, at age 72. This case we now believe was largely 
one of siderosis due to his having been heavily exposed to welding fumes with only a minimal and 
insignificant degree of silicosis. 


Case 5.—The patient, 43, had been a molder in numerous steel foundries for 18 years. He 
was found to have active tuberculosis in 1947 and was hospitalized in a sanatorium. He was 
given the benefit of a doubt as to presence of a borderline degree of silicosis, and compensation 
was allowed. He was psychologically badly handled in the sanatorium, with the staff discussing 
in his presence the “poor prognosis of tuberculosis in the presence of silicosis” and stating that 
“tuberculosis never heals in the presence of silicosis.” He was offered a nondusty job on 
being released from the sanatorium in 1949 but said that he was unable to return to any work. 
He has held only occasional odd jobs since. At 43 his tuberculosis is well arrested but he is a 
mental cripple because of poor rehabilitation on the part of te sanatorium staff. 


7. Enzer, N., and Sander, O. A.: Chronic Lung Changes in Electric Arc Welders, 
J. Indust. Hyg. & Toxicol. 20:333-50 (May) 1938. 
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Case 6.—The patient, 41, was an electric welder in a steel-foundry cleaning room for only 
six years, with heavy welding-fume exposure. In the course of treatment of sinus infection, his 
chest was “x-rayed” and he was told by his family physician that he had “secondary silicosis” 
and should quit foundry and welding trades. He became short of breath on the slightest 
exertion, his sinus cough increased, and general weakness developed. He drove a cab from 
August to November, 1948, but quit that, too, because he said he “got too tired.” He was a 


Fig. 7 (Case 6).—Roentgenograms taken in 1947 and 1948. 


family man, with a wife and four children. All examinations and lung-function studies gave 
normal results. He has only a trace of entirely inert siderosis from heavy welding-fume 
exposure and no silicosis whatever. Attempts to reassure him, made by numerous doctors and a 
psychiatrist, have been ineffective so far. He states that he is sure he has permanently damaged 
lungs and is quite bitter that the Industrial Commission has refused him compensation on two 
occasions. This is the most aggravated and intractable iatrogenic disability we have had under 
observation, but it is by no means uncommon. 
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In conclusion, the successful control of silicosis includes more than the engineer's 
job of reducing the dust dissemination in a factory or a mine, as important as that 
is. Workers exposed to dust must be observed periodically by medical examination 
and by study of chest roentgenograms, not only to find active tuberculosis but also 
to find those in whom lung changes due to dust exposure are developing or whose 
pneumoconiosis is progressing. When such workers are found, the first thought 
never should be to remove them from their jobs at once, with the exception of those 
with active tuberculosis. They should be kept at their regular work and every effort 
made to reduce their dust intake to a minimum. They should be assured that their 
lung changes will not progress to a dangerous stage with the improved dust control. 
Fear caused by well-meant but over-exaggerated advice has caused more disability 
in my experience than the lung lesion itself. To many workers an unexplained diag- 
nosis of silicosis or asbestosis is just as serious as is a diagnosis of cancer. Far more 
workers will be saved from a state of semi-invalidism by reassurance and optimism 
than will be benefited by pessimism and too early removal from their jobs. This to 
me is the most important phase of rehabilitation for workers with pulmonary dust 
disease. 
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PLATINOSIS 


A Five-Year Study of the Effects of Soluble Platinum Salts on Employees in 
a Platinum Laboratory and Refinery 


A. EATON ROBERTS, M.D. 
MALVERN, PA. 


| Serosie INOSIS may be broadly defined as the effects of soluble platinum salts 
on people exposed to them occupationally. 

During the past five years, 21 employees of J. Bishop & Company Platinum 
Works, Malvern, Pa., have been studied. Eight of these have been examined each 
year, while the others were examined prior to employment and each year that they 
remained in the refinery. The material jor this text derives from these studies. 

The investigation was invited by the president of the company, Mr. Paul Kerk, 
and the director of the laboratory, Mr Raymond Steele. 


INDUSTRIAL IMPORTANCE AND INCIDENCE OF PLATINOSIS 


The refinement of platinum is a complicated chemical process requiring special- 
ized chemists and highly skilled technologists and workers. It has long been known 
that liquid sprays and splashes of salts containing the complex platinum ion cause 
severe dermatitis and/or asthma in many of the exposed employees. 

The present study was initiated with the hope of reducing the morbidity rate 
and the resultant absenteeism and loss of personnel, and to determine, if possible, 
a method of selecting new employees who would not be likely to succumb to 
disabling symptoms in consequence of exposure in the plant. 

It is my belief that all the employees have platinosis ; 60% of them are sympto- 
matic, exhibiting varying degrees of irritation of the upper respiratory tract, asthma, 
or dermatitis ; 40% are essentially asymptomatic but reveal evidence of involvement, 
such as conjunctivae in which the blood vessels appear injected, mucous membranes 
of the upper respiratory tract with a tendency toward hypertrophy of lymphatic 
tissue, and relative lymphocytosis. 


REVIEW OF THE LITERATURE 


There appear to be only two articles in medical literature concerned with the 
effects of complex salts of platinum on human beings. 


In 1911, Karasek and Karasek ' reported 8 cases of poisoning among workers 
in 40 photographic studios in Chicago, where a paper containing potassium chloro- 
platinite was used. They described the syndrome as being characterized by pro- 
nounced irritation of the throat and nasal passages, causing violent sneezing and 


1. Karasek, S. R., and Karasek, M.: The Use of Platinum Paper, Report of Illinois State 
Commission of Occupational Diseases, 1911, p. 97. 
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coughing. In some cases the respiratory difficulty was severe enough to prohibit 
working with the photographic paper. Irritation of the skin, with cracking, bleeding, 
and pain, was also observed. 


No further writing was found until 1945, when an excellent and detailed. 
account appeared in the British Journal of Industrial Medicine under the title 
“Asthma Caused by Complex Salts of Platinum.”* This was a report of the 
investigations of Hunter, Milton, and Perry, carried out in four platinum refineries 
in England, involving 114 workers. They recounted six case histories descriptive of 
the syndrome alluded to in 1911 by Karasek and Karasek. When the workers were 
exposed to a spray or a dust containing working concentrations of complex 
platinum salts the attacks were ushered in by sneezing and profuse coryza, followed 
by tightness in the chest, wheezing, shortness of breath, and cyanosis. The attacks 
persisted for about one hour after the victims had left the factory. Some of the 
exposed workers complained of awakening in the early morning with a severe 


cough. Others complained of a scaly, erythematous dermatitis, and some of an 
urticarial rash. 


These investigators discovered that 52 (57%) of 91 employees who had come 
in contact with complex salts of platinum had the asthma syndrome in some degree. 
They stated that 13 persons had skin lesions. In reviewing the article, I was unable 
to determine whether these 1$ were from the asthmatic group or not. The signi- 
ficant point is that about 60% of the employees in a platinum refinery were affected 
disadvantageously by inhaling, or coming in contact with, the complex salts of 
platinum. 

Characteristic of the histories in these cases were the first two reported. One 
person had worked in the refinery 18 years and had symptoms after the first year. 
These symptoms became slowly but progressively worse until finally he was forced 
to give up this work. The symptoms disappeared immediately on his leaving and 
did not recur. The second person presented symptoms after six years of service, 
becoming gradually worse until asthma appeared in the 10th year. This employee 
was transferred to another department and has not since suffered from asthma. 

The lesson learned from these cases and corroborated by me is that once a 
worker becomes sensitive to these salts, he tends to become progressively worse 
so long as he remains in that environment. It is better, therefore, to transfer the 
sensitized employee early, rather than needlessly waiting, hoping that he will 
eventually tolerate a platinum atmosphere. 

Although no comment was made concerning the matter by the authors of the 
original paper, I noted that in all six blood counts reported, the lymphocytes com- 
prised more than 30% of the total number of white cells, the latter being consist- 


ently within normal limits. In other words, all of these patients had a relative 
lymphocytosis. 


The same investigators reported their chest x-ray findings as not indicative of 
anything except varying amounts of emphysema in the asthmatic patients. They 
also stated that the incidence of catarrhal bronchitis was high. Six persons were 
reported as having calcified costal cartilages, five as having calcified inactive tuber- 


2. Hunter, D.; Milton, R., and Perry, K. M. A.: Asthma Caused by Complex Salts of 
Platinum, Brit. J. Indust. Med. 2:92-98 (April) 1945. 
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culosis, and one as revealing an active tuberculous infection, but these findings 
were not considered contributory to their study. 

The British authors logically concluded that in order to obviate this respiratory 
syndrome leading to asthma, the complex salts of platinum should not be allowed 
to reach the atmosphere in which employees worked. Adequate exhaust ventilation 
was considered to be the method of choice in preventing this. No treatment was 
suggested, other than the removal of the sensitized employee. They further found 
that this group of symptoms did not arise among persons exposed to much higher 
concentrations of metallic platinum or to the complex salts of other members of the 
platinum group, including palladium. 


DESCRIPTION 


Etiologic Considerations and Criteria for Diagnosis —The etiologic factor of 
platinosis is the complex platinum ion contained in soluble salts, notably sodium 
chloroplatinate. It enters the body when sprays containing sodium chloroplatinate 
in solution are inhaled and when the solubilized salt comes in direct contact with 
the skin. Contact with a splash of a concentrated solution is an accidental 
occurrence, which, even in individuals not ordinarily susceptible to symptomatic 
platinosis, may cause a local urticarial reaction or an acute contact dermatitis at 
the site of the splash. 

So far as my investigation is concerned, the criterion for the diagnosis of 
platinosis is regular employment in an atmosphere containing working quantities 
of soluble platinum salts. Even employees who remain symptom-free exhibit inflam- 
matory changes in the conjunctivae and the mucous membranes of the upper 
respiratory tract; their white blood cell counts reveal the same relative lympho- 
cytosis as do those of employees who present symptoms, and their chest roent- 
genograms suggest the same changes of mild, apparently innocuous pulmonary 
fibrosis. These changes seem to occur within a few weeks of beginning work in a 
platinum atmosphere, but need not be progressive. The symptomatic form of 
platinosis shows the same objective signs as the asymptomatic forms, plus asthma 
and/or contact dermatitis. The onset of symptoms may be gradual, extending over 
a number of years until an acute attack of asthma or dermatitis is suddenly pre- 
cipitated; or a person may become disabled with symptoms during the first days 
of employment. It would appear, then, that a person may at any time receive a 
dose of the platinum irritant which acts like an allergen, sensitizing him to that 
substance henceforth. Once sensitized, that person never again seems to become 
asymptomatic in a platinum atmosphere. 

Factors Predisposing to Platinosis—A person who has a previous history of 
allergy, or a strong family history of hives, hay fever, asthma, contact dermatitis, 
etc., is more apt to succumb to platinosis, than others. Individuals who have many 
skin blemishes, moles, acne, sebaceous cysts, and other lesions are prone to become 
sensitive to complex platinum salts. Individuals with blond hair, blue eyes, and 
thin or transparent skin which tolerates irritants, even sunshine, poorly, are prone 
to have platinosis. Contrariwise, the more swarthy types, free from skin blemishes, 
with darker, coarse hair, and among men, those with heavy beards, with thicker, 
less sensitive skin, do not usually become afflicted with platinum intolerance. There 
appears to be no distinction between sexes. 
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In selecting applicants for employment, these predisposing factors are probably 
more important than other aspects of the medical history and physical examination, 
and more reliable when one is predicting the possibility of platinosis, than scratch 
tests with sodium chloroplatinate. 


Symptoms and Signs —The symptoms of platinosis depend on the shock organ 
affected by the allergen. If it is the skin, itching and redness first appear, which 
may be followed by an urticarial rash, usually confined to the exposed areas of the 
body, especially the volar surfaces of the hands and forearms, most pronounced on 
those parts of the skin which appose each other, viz., the interdigital spaces and 
antecubital fossae. In more severe acute forms the face and neck may demonstrate 
erythema and urticaria. These symptoms may disappear within a day or two 
after the patient has been removed from the platinum environment, or the dermatitis 
may become subacute, with disappearance of the urticaria but persistence of redness, 
dryness, and cracking of the skin on fingers, wrists, and other sites. In the chronic 
stage, platinum dermatitis is not unlike other atopic dermatitides; eczematous 
patches are prevalent in the affected areas, with dryness of the skin, redness, and 
cracking, and scaling of the epithelial layers. 

When the respiratory tract is the predominating shock organ, the first symptoms 
are those of other inhalation allergies. There ‘are sneezing, coryza, and lacri- 
mation, with burning and itching of the eyes. These may be the only symptoms, or 
the individual may later have a dry cough, tightness in the chest, shortness of breath, 
and wheezing. In short, he may have a full-fledged attack of bronchial asthma. 
The conjunctivae appear injected, as do the mucous membranes of the nose and 
throat. Often there is a hypertrophic type of rhinitis, and hypertrophic changes 
may be noted in the lymphatic tissue of the pharynx. Physical examination of the 
chest reveals the usual signs of asthma, including severe dyspnea with wheezing, 
most pronounced during expiration, and a comparatively slow respiratory rate, the 
process utilizing the accessory muscles of breathing and influencing the patient to 
remain upright. The cough is at first dry but later becomes productive of foamy, 
thick, grayish sputum. The thorax is full and fixed, with hyperresonance and 
diminished intensity of breath sounds. Sibilant and sonorous réles are demonstrable 


throughout. In the most severe cases there may be cyanosis, diaphoresis, feeble 


pulse, and clammy coldness of the extremities. The attacks of asthma usually 
disappear within a few hours after the subject has been removed from the atmos- 
phere containing sodium chloroplatinate, and the symptoms will be relieved by 
administration of the usual drugs. 


Some patients are afflicted only with the skin symptoms, others only with the 
respiratory symptoms, and some are victims of both types. 

Even in the asymptomatic forms of platinosis, as mentioned previously, there 
are signs of conjunctival inflammation, hypertrophy, and injection of the mucous 
membranes of the nasal turbinates, and of those of the pharynx. A tendency toward 
hypertrophy of the lymphoid tissue is also noted, particularly in the pharynx. 


Sequelae.—Platinosis does not appear to alter the general health of the individual 


in any way, nor is there any evidence that it may predispose to tuberculosis or to 
pulmonary cancer. 
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THE SCRATCH TEST 

Scratch tests were made with aqueous solutions of sodium chloroplatinate in 
order to determine the degree of sensitivity of regular employees from year to year 
and to make an effort to predict the suitability of potential employees. 

The test substance was prepared in dilutions of 1 & 10-' to 1x 10~°. These 
were applied in the customary manner through scratches on the acetone-cleansed 
forearm. Results were read after 20 minutes. 

The results of 60 tests done in the past five years on 21 subjects revealed the 
following facts : 

1. Prior to being employed in the platinum refinery, none were found to be 
sensitive to the test solutions above the 1 10°? dilution. 

2. Subjects with asymptomatic platinosis showed negative readings with dilu- 
tions above 1 & 10°. 

3. Subjects with symptomatic platinosis showed varying degrees of positive 
reactions with dilutions of 1 & 10°* to as great as 1 & 10°, the severity of the 
reactions being more or less parallel with the severity of the subject’s symptoms. 

4. Everyone demonstrated at least “1 ++” reaction with the 1 X 10° dilution, 
and most applicants who submitted to preemployment examinations and most 
regular employees who were asymptomatic exhibited some reaction to the 1 x 107 
dilution. 


5. Because of the above findings, an effort was made to minimize the possibility 
of inoculating a sensitizing dose of sodium chloroplatinate into an employee, by 


using for the tests the most dilute solution necessary to produce a “1 +-” reaction. 

6. Persons showing positive reactions to dilutions of 1 & 10°° or above were 
considered poor risks for long-term employment. 

7. Persons showing negative reactions to dilutions of 1 & 10°° or above were 
considered good risks, provided the tests were performed several months after these 
persons had been employed. 

Preemployment scratch tests were found to be unreliable in predicting future 
sensitivity, probably because people who previously had not been exposed to soluble 
platinum salts were not sensitized by the test dose of sodium chloroplatinate. After 
the first attack of symptomatic platinosis, whether it was asthma or dermatitis, the 
scratch test became positive with dilutions of 1 x 10°° or above. History and the 
results of physical examinations, as previously outlined, proved more satisfactory 
than scratch tests in estimating the medical risk of applicants in the refinery. 


WHITE BLOOD CELL COUNTS 


Table 1 summarizes the information gained from a total of 55 white blood cell 
counts made on 17 employees during the five-year period of this study. Only 1 of 
the 17 employees exhibited a lymphocyte percentage of less than 30, which in view 
of the elevated total white blood cell count of 11,950 was attributed to a co-existing 
infection of the upper respiratory tract that relatively increased the percentage of 
polymorphonuclear leukocytes at the time the count was performed. Otherwise it 
will be noted that the rest of the total white blood cell counts were normal, and the 
differential studies revealed the polymorphonuclear leukocytes to be within normal 
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limits ; basophils, monocytes, and eosinophils, grouped in a single column in the 
table, also satisfied normal requirements. The obvious observation is that the 
percentage of lymphocytes is universally and distinctly increased. In other words, 
platinosis does not alter the total white blood cell count, but it does produce a 
definite relative lymphocytosis. Eosinophilia was not observed in any case. 


TABLE 1.—Average White Blood Cell Counts and Differential Counts, and Total Average 
Counts, of Seventeen Employees During a Five-Year Study; the Figures Are 
Derived from a Total of Fifty-Five Counts 


Average 
Percentage 
Average Total Average Per- of Others 
Number of centage of Poly- Average (Eosinophils, 
White Blood morphonuclear Percentage of Basophils, 
Employee Leukocytes Lymphocytes Monocytes) 


TaBLe 2.—Results of Roentgen Studies of the Chests of Twenty-One Employees in a 
Platinwn Laboratory and Refinery from 1946 to 1950 


Finding 


Increased bronchovascular markings 
Enlarged cardiac pulmonic conus 
Diffuse fibrosis 


CHEST ROENTGENOGRAMS 


Chest roentgenograms were taken routinely every year on all employees within 
the platinum laboratory and refinery. Although this series of 21 cases is too small 
for statistical evaluation, the findings are given in Table 2 for their suggestive 
import. 

Dr. Harry Evans Sr., Philadelphia, helped in interpreting the x-ray films. It will 
be seen from the table that the roentgenograms of four employees (19%) revealed 
emphysema ; those of 12 (57%), thickening of the hilar areas; those of 16 (76%), 


11,140 62.6 35.0 24 

7,370 60.0 35.8 ‘3. - 

9,683 59.33 36.66 4.0 

7,966 53.33 43.33 3.33 

11,350 64.0 32.0 4.0 

7,740 57.2 414 14 

9,660 50.2 48.2 1.6 

7,440 58.4 40.0 16 

_ 8,200 59.5 38.5 20 

9,966 59.66 35.66 5.0 

8,950 64.0 36.0 0.0 

6,590 62.8 34.2 3.0 

6,550 51.0 44.0 5.0 

11,950 73.0 26.0 1.0 

8,470 55.2 40.4 44 
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increased bronchovascular markings ; those of 1 (5%), an enlarged cardiac pulmonic 
conus, and those of 2 (10%) were demonstrative of diffuse pulmonary fibrosis. 

It may be suspected, but will be difficult to confirm, that platinosis produces 
low-grade pulmonary fibrosis, due to chronic irritation of the entire respiratory 
tract. 

No carcinogenic activity has been attributed to the complex salts of platinum, 
nor has pulmonary tuberculosis been observed. 

Necropsy studies are, and probably will long remain, unavailable for pathologic 
diagnosis. 

OTHER LABORATORY STUDIES 

Other laboratory studies included red blood cell counts, determinations of hemo- 
globin and sedimentation rates, and urinalyses. Since the results were consistently 
within normal limits, unaffected by a platinum atmosphere year after year, the 
numerical results are not recorded herein, 


TaBLeE 3.—General Experimental Data 


Cases with These 
Symptoms and Signs 


Symptoms and Signs Number Percentage 
Symptomatic platinosis 12 
Asymptomatic platinosis 8 


Injection of mucous membranes of eyes and of upper respira- 
tory tract 


Coryza “4 
Burning and itching of eyes 8 
Tightness in throat and chest 


Itehing of skin 

Dermatitis 

Abnormal breath sounds... 

Relative lymphocytosis 

Positive skin (scratch) test in 1 X 10-* dilution or above 


eB 


GENERAL EXPERIMENTAL DATA 


From Table 3 it will be seen that about 60% of the employees were considered 
to have platinosis in the symptomatic form and that 40% were ostensibly without 
symptoms. In an atmosphere containing working quantities of the complex platinum 
ion, 82% exhibited definite injection of the conjunctivae and of the mucous mem- 
branes of the upper respiratory tract, 74% admitted having coryza, 58% stated that 
their eyes hurt, 42% suffered tightness in their throats and chests, and 42% had a 
dry cough; 26% became definitely asthmatic. Forty-two per cent experienced 
itching of the skin, and 37% had a typical contact type of dermatitis. Abnormal 
breath sounds were heard in 63% of the employees examined. Differential white 
blood cell counts revealed a relative lymphocytosis in 100% of the cases. This has 
remained the most constant laboratory finding. Scratch tests made with appropriate 
aqueous dilutions of sodium chloroplatinate indicated that 42% of the employees 
working in the laboratory and refinery were sensitive to dilutions of 1 & 10-* and 
higher. 
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OUTLINE OF TREATMENT 
A. Prophylactic : 


1. Careful selection of applicants for employment. Attention to the general 
principles outlined heretofore, will prevent most individuals who are likely to be 
candidates for symptomatic platinosis, from being hired. 

2. Protective clothing and skin protectives. Street clothes should not be worn 
in the laboratory and refinery. They should be removed far enough away from the 
workrooms that they will not become permeated with sprays of solutions containing 
the complex platinum salts, and clean uniforms should be available for each work 
period. Those who are susceptible to dermatitis should apply a coating of one of 
the protective industrial creams to the face, neck, hands, and forearms before 
entering the refinery each day. 

3. Exhaust ventilation. Hoods, blowers, and suction pipes should be installed in 
appropriate locations, to withdraw air contaminated with complex platinum salts. 

4. Closed system for refinement of platinum, Present methods do not permit 
completely closed systems. It is to be hoped that engineering advancements will 
accomplish this. 

B. Active: 


1. Removal from a platinum atmosphere. This is followed within a few minutes 
to a few hours by relief of individual attacks of platinum asthma. Platinum der- 
matitis usually clears within a day or two, but may be more persistent. 

2. Symptomatic therapy. The same drugs that are helpful in other forms of 
bronchial asthma will be useful in treating platinum asthma. Platinum dermatitis 
responds well to antihistaminic creams, once the contaminant is completely removed 
from the skin by thorough bathing. I have found that a cream containing tripelen- 
namine hydrochloride U. S. P. (cream pyribenzamine hydrochloride® ) in increasing 
strengths is useful. A 2% cream is tried first, followed by a 3, 4, or even 5% 
cream if necessary, to obtain a physiologic response. 


3. Hyposensitization. I treated a volunteer employee for severe, persistent 
platinum dermatitis by hyposensitization, with apparently beneficial results. The 
subject was a white, 40-year-old woman afflicted with constant platinum dermatitis 
since her employment, the duration of which was then four years. The scratch test 
Was positive in the 1 & 10° dilution. This dilution was chosen for the hyposensi- 
tization procedure. Initially a dose of 0.001 cc. was given intradermally. The dose 
was gradually increased at four- or five-day intervals until 0.1 cc. injected sub- 
cutaneously was tolerated. Then half this dose (0.05 cc.) was administered at 
weekly intervals. After about two years the scratch test was positive in the 1 « 10% 
dilution but not in higher dilutions, and the patient’s skin was clear almost all the 
time. An occasional mild exacerbation appeared, usually due to accidental splashes 
with solutions of sodium chloroplatinate. These attacks responded well to applica- 
tions of an ointment containing 2 to 5% tripelennamine hydrochloride U. S. P. 
(cream pyribenzamine hydrochloride*). After two years the injections were with- 
held, and she has since been under observation for three years. During this time 
she has had no severe attacks of acute platinosis, has lost no time from work because 
of occupational illness, and her skin appears normal. 
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I do not recommend this treatment for every case of symptomatic platinosis. 
However, it may be helpful in preserving certain chemists and key technologists for 
their life’s work. 

SUMMARY AND CONCLUSIONS 


The effects of the soluble complex salts of platinum on the human body are 
described, thus providing a definition of platinosis. 

The meager literature about platinum is reviewed. This consists of two articles. 
in which platinum asthma and dermatitis are recognized. The British investigators 
reported that in platinum refineries 57% of employees exhibited ihe “asthma syn- 
drome” in some degree. They reported six case histories illustrating the fact that 
symptoms could arise early or many years after employment; that once symptoms 
started, they tended to become progressively worse unless the victim was removed 
from the platinum atmosphere. Laboratory examinations revealed nothing signifi- 
cant except for the relative lymphocytosis present in all of their cases. They 
recommended adequate exhaust ventilation for platinum refineries, in order to 
reduce the concentration of platinum salts in the working atmosphere. 

The etiologic agent responsible for platinosis in the present study has been 
chiefly sodium chloroplatinate, the mode of entry being inhalation and direct contact 
with sprays containing the salt in solution. 

The incidence of platinosis was considered to be 100% of the employees in the 
refinery and laboratory. In about 60% the condition was symptomatic; the other 
40% were allegedly free from symptoms but exhibited the same inflammatory 
changes in the conjunctivae and the mucous membranes of the upper respiratory 
tract, with hypertrophy of the mucous membranes of the turbinates and of the 
lymphatic tissue in the throat, and the constant relative lymphocytosis, that were 
observed among the symptomatic group. 

The nature of platinosis appears to be that of mild chemical irritation, with 
chronic inflammation of the entire respiratory tract, probably including an apparently 
harmless pulmonary fibrosis. Symptomatic platinosis was accompanied by typical 
allergic manifestations of the skin and the respiratory system. 

Factors predisposing to symptomatic platinosis seemed to be mainly related to 
skin types, the light and red-haired individuals, with blue eyes, thin, delicately 
textured skin tending to be frequented by moles, freckles, or blemishes, being 
apparently more susceptible than the swarthy types. 

The following classification of platinosis, depending on symptoms and signs, 
was evolved : 

A. Asymptomatic: The subjects exhibited all the objective evidence of those 
with symptomatic platinosis less respiratory distress and dermatitis. 

B. Symptomatic : 

1. Skin type. 

(a) Acute: itching, redness, urticaria, usually of exposed areas. 
(b) Subacute: early urticaria being replaced by typical contact-type derma- 
titis. 
(c) Chronic: persistent contact dermatitis with secondary eczema. 
2. Respiratory type: 
(a) Mild: sneezing, coryza, lacrimation, with burning of eyes. 
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(b) Moderately severe: aggravation of mild type, extending to rest of 
respiratory tract and producing dry cough, tightness in chest, which, 
if progressive, becomes 

(c) Severe: frank, full-fledged bronchial asthma. 

3. Mixed type. Some employees suffered from both the cutaneous and the 
respiratory type of symptomatic platinosis. 

No evidence of carcinogenicity or of increased incidence of other pulmonary 
diseases, viz., tuberculosis, pneumonitis, was noted. 

Scratch tests were made with progressive dilutions of sodium chloroplatinate 
on (1) applicants for employment, (2) regular employees annually, and (3) 
employees when their platinosis became symptomatic. 

It was originally hoped that scratch tests would help in selecting employees who 
would not be sensitive to complex platinum salts. This hope was never realized, 
probably because no one ever would have received a sensitizing dose of the etiologic 
agent until he had actually worked in the laboratory and refinery. Therefore, the 
tests invariably indicated nonsensitivity prior to employment, but those who were 
hired on this criterion alone and later presented symptoms of platinosis, immediately 
manifested greatly increased reactions to the scratch test. Therefore, the method 
was discarded as a means of determining eligibility to work, and more reliance 
was placed on selecting workers by the nature of their skin, complexion, and hair 
and by their history of previous allergies and susceptibility to respiratory disease. 

Regular employees, examined annually, who did not present symptoms or 
whose symptoms did not progress retained the same degree of sensitivity for the 
scratch test. Those whose platinosis became increasingly symptomatic showed 
increasing sensitivity to the dilutions of sodium chloroplatinate, and those who had 
severe asthma or dermatitis exhibited positive reactions to very dilute solutions, 
i. e., 1 X 10% Thus the scratch test was valuable in improving the stability of 
personnel, by indicating (1) those who remained consistently nonreactive to dilu- 
tions above 1 X 10° and (2) those who were becoming increasingly sensitive 
year after year. Symptomatic platinosis could, therefore, sometimes be anticipated. 

Persons showing negative reactions to dilutions of 1 X 10° or higher were 
considered good risks for long-term employment, provided the tests were performed 
several months after they had obtained employment in the refinery. Persons 
exhibiting positive reactions to dilutions of 1 X 10° or higher were considered poor 
risks for long-term employment. 

Laboratory studies, repeated annually among the regular employees of the 
platinum laboratory and refinery, included urinalyses, complete blood counts, 
determination of sedimentation rates, scratch tests, and chest roentgenograms. 
The only consistent abnormality was a relative lymphocytosis, the average being 
37.48%. 

Chest x-ray findings were inconclusive, but they suggested a natural extension 
of the irritative inflammatory changes visualized in the nose and throat, producing a 
low-grade pulmonary fibrosis. 

Prophylactic treatment of platinosis included careful selection of employees, 
in order to exclude allergy-prone individuals. Daily changes to thoroughly cleaned 
uniforms and the application of skin protectants prior to exposure in the working 
atmosphere were recommended. Adequate exhaust ventilation was encouraged, as 
suggested by the British investigators in 1945. 
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The best active treatment for symptomatic platinosis, quite naturally, was that 
of removing the victim from the platinum atmosphere. Otherwise, the dermatitis 
and the asthma responded to symptomatic management. Hyposensitization, sodium 
chloroplatinate being used, was attempted in one case, experimentally, with appar- 
ently beneficial results. This may be worthy of consideration in treating more or 
less indispensable, highly trained employees, whose platinosis becomes disablingly 
symptomatic. 


Once sensitization to the complex salts of platinum became apparent, the 
tendency was for the symptoms to become progressively worse. It was usually 
advisable, therefore, to transfer the newly afflicted employees as soon as practicable, 
rather than wait in hope for spontaneously improved tolerance to the allergen. 
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ALDRIN POISONING IN MAN 
Report of a Case 


LIEUTENANT EUGENE J. SPIOTTA 
MEDICAL CORPS, UNITED STATES ARMY 


LDRIN ' (hexahydrohexachlorodimethanonaphthalene) is a recently developed 
insecticide which has been used for the control of boll weevils. It may be 
anticipated that its use against other pests may become desirable and that acute 
poisonings may occur both by accident and by suicidal intent. The following is 
believed to be the first recorded case of human poisoning with this agent. 


REPORT OF CASE 


On Aug. 7, 1950, a 23-year-old white farmer was seen to drink a coca cola® bottle-full of 
aldrin mixture in an attempt at suicide following an argument with his wife. Immediately 
thereafter he became panicky and was rushed to a local hospital. He was given a magnesium 
: sulfate solution, intended as an emetic, without results. Within 20 minutes after the poison had 
been ingested, a stomach tube was passed, and while this was being done, the patient had a 
generalized convulsion which lasted approximately one minute. The stomach was lavaged with 
magnesium sulfate solution, but the local physician reported that he could find no evidence of 
aldrin in the fluid return as determined by appearance or odor. This was verified by several 
relatives present. Within a few minutes the patient had another generalized convulsion, and 
while he was being restrained the left shoulder was dislocated. Barbiturates, morphine sulfate, 
and atropine sulfate were given intramuscularly in rather large doses. Before sufficient sedative 
effect could be obtained, he had another generalized convulsion. 

He was hospitalized at a local hospital. Significant physical findings at that time were a 
markedly labile blood pressure ranging from 180 to 150 mm. Hg systoiic to 50 to 0 mm. Hg 
diastolic, motor hyperirritability, and subcoracoid dislocation of the left humerus. The dis- 
location was reduced, and a bandage of the Velpeau type was applied. During the next four 
days rather deep sedation was maintained by frequent doses of pentobarbital sodium, U. S. P. 
No further seizures occurred, but he continued to be very restless. On Aug. 8 the urine was 
found to be grossly bloody and contained albumin (4+). The urinary output was not measured 
but was considered to be adequate. On Aug. 11 the nonprotein nitrogen of the blood was 81 
mg. per 100 cc., and the icterus index was 15. (See the accompanying table for a complete 
summary of the laboratory data.) 

On Aug. 12 he was transferred to this hospital. Physical examination revealed a moderately 
dehydrated, markedly restless, and semistuporous white male who responded only to painful 
stimuli. Jaundice was not evident. The Velpeau bandage had been removed. His temperature 


From the Neuropsychiatric Service, Veterans Administration Medical Teaching Group, 
Kennedy Hospital, Tenn. 


Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the author are the result of his 
own study and do not necessarily reflect the opinion and policy of the Veterans Administration. 

1. Aldrin as used in this paper is the coined name for an insecticidal chemical having the 
chemical formula C1:HsCls and a structural formula corresponding to 1,2,3,4,10,10-hexachloro- 


1,4,4a,5,8,8a-hexahydro-1,4,5,8-dimethanonaphthalene. It is manufactured by Julius Hyman & 
Company, Denver. 
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was 100.4 F.; pulse rate, 120 and regular; blood pressure, 170/88. The heart was normal in 
size, and the lungs had no definite areas of consolidation. The liver was not palpable. The 
neurological examination was not entirely satisfactory, because of the patient’s restlessness. He 
had good strength in all extremities, and there were no localizing neurological findings. Anti- 
biotics were given prophylactically, and barbiturates were administered for restlessness. 

The patient had a moderate tolerance for barbiturates and in the first 24 hours at Kennedy 
Hospital received 0.4 gm. (6 grains) of phenobarbital sodium U. S. P. intramuscularly and 1.5 
gm. (22% grains) of amobarbital sodium, N. F., intravenously. On Aug. 14, paraldehyde, 10 cc. 
every two to four hours as circumstances might require, was substituted for the barbiturates, 
and thereafter sedation was slowly decreased. Sedation was discontinued Aug. 19, when he 
became lucid, oriented, and quieter. 

The admission urinalysis at Kennedy Hospital revealed gross hematuria and marked 
albuminuria. Fluids were given cautiously the first 48 hours until the measured renal output was 
determined to be adequate. On Aug. 14, fluids were given ad libitum. The blood nonprotein 
nitrogen returned to normal by Aug. 25. The urinary findings improved, and on Aug. 25 (18 
days after ingestion of the poison), the urine became free of blood and albumin and remained so. 
Poor concentration of urine was the only evidence of abnormal renal function at the time of 
discharge. 

On Aug. 25 an electroencephalogram revealed a mixed type of epileptiform cortical irritation. 
On Sept. 12 an electroencephalogram showed slight improvement, but generalized cortical 
dysfunction persisted. On Sept. 21 an electroencephalogram revealed further improvement, with 
the maximal dysfunction appearing in the frontoparietal areas bilaterally, and spike discharges 
predominantly in the right frontal area. Although the electroencephalographic changes were 
striking, there were no symptomatic or physical evidences of any abnormality of the central 
nervous system other than the initial episode of convulsions. The neurological findings and the 
spinal fluid remained normal. Psychological testing was done from Aug. 23 through Sept. 11 
for evidences of brain damage. It showed that there was continued amnesia for the act of 
ingesting the aldrin, though memory otherwise appeared to be intact for recent as well as remote 
events. The Rorschach, Wechsler-Bellevue, Kasanin-Vigotsky blocks, Bender-Gestalt, and 
Shipley-Institute of Living tests revealed the patient to be an essentially normal individual with 
high average intelligence. None of these tests revealed behavior generally considered to be 
correlated with brain damage. 

Liver function studies gave results within normal limits, except for the elevated icterus index 
reported by the referring physician. Neither jaundice nor hepatomegaly were noted during 
hospitalization. Biopsy of the liver was not done. 

The blood pressure was determined hourly after admission and was found to be extraor- 
dinarily labile, with systolic pressures ranging from 180 to 150 mm. and diastolic pressures from 
88 to 30. Later the blood pressure could not be followed closely, because bilateral Velpeau type 
bandages had been applied. Before discharge of the patient the blood pressure became stable at 
120/70. The electrocardiographic findings were within normal limits. 

A mild leukocytosis noted on admission gave way to a normal leukocyte level. The bone 
marrow was normal. 

Psychiatrically the patient was considered to have a “dissociative reaction” and was treated 
with group psychotherapy in the form of therapeutic relaxation and round table discussions. He 
proved to be an avid subject, and his zest for living returned. 

On Sept. 22 he was discharged. He was recalled Nov. 22, at which time a weight gain of 
10 Ib. (4.5 kg.) was noted. He reported he was working regularly. No symptoms that could be 
referred to the central nervous system had been experienced. Physical examination revealed no 
abnormalities. Renal function tests, liver function tests, and blood counts all gave results 
within normal limits. A urine concentration test showed a maximum concentration of 
1.020. The electroencephalographic record was interpreted as being borderline abnormal but 
improved over the previous one. Psychological testing revealed essentially the same findings as 
previously reported; however, a suggestion of “organicity” was noted on the Rorschach test. 
It was not considered to be clinically significant, and the patient was discharged on Nov. 25. 

An electroencephalographic record, Jan. 25, 1951, was borderline abnormal but showed 
continued improvement over all previous tracings. 
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COMMENT 


Little is known regarding the toxic features of aldrin in man. Few experimental 
studies have been reported to date. 

The patient drank approximately 6 oz. (170 cc.) of a diluted mixture of aldrin 
equivalent to 1.8 gm. of concentrated aldrin, or 25.6 mg. per kilogram. Comparable 
single doses administered to experimental animals * have failed to produce death in 
100% of the cases. The L.D.,,. of laboratory animals weighing up to 15 kg. (approx. 
35 Ib.) ranges from 44 to 99 mg. per kilogram, Deaths have occurred at lower levels. 

The rate of gastrointestinal absorption of aldrin is not known. This case suggests 
very rapid absorption for two reasons. First, no poison was regained by stomach 
lavage, and, second, toxic symptoms appeared within 20 minutes after ingestion. 
In experimental animals given a single toxic dose symptoms appeared immediately 
or were delayed several days. Since aldrin may enter the body through the skin, the 
lungs, or the gastrointestinal tract, precautionary measures must be emphasized, 
and the poison must be removed from its point of human contact promptly. 

Although the exact manner in which aldrin acts on the central nervous system 
is not known, signs and symptoms pointing to this system generally appear first. 
They may include convulsions, coma, hyperirritability, and/or hyperactivity. In 
experimental animals the onset of these signs may be immediate, as in this patient, 
or delayed for several days. At the first signs of toxicity large intravenous doses 
of barbiturates should be given, for these drugs apparently directly oppose the 
“irritative” action of aldrin on the central nervous system. Kitselmann and asso- 
ciates * decreased by 20% the mortality rate in rats through the prompt use of 
pentobarbital sodium. The effects of dieldrin ( hexachloroepoxy-octahydrodimethano- 
naphthalene) ,* a chemically related insecticide which produces similar central 
nervous symptoms, were inhibited by large doses of phenobarbital sodium.* 

Histological examination of animals that died as a result of aldrin poisoning 
revealed generalized vascular congestion with cuffing of blood vessels and severe 
ganglion cell degeneration. Eccentric hyperchromic nuclear staining with evidences 
of neuronophagia were also seen.* 

Electroencephalographic changes have been seen in dieldrin poisoning in mon- 
keys. There were “spike” discharges as seen in this patient’s initial tracing.’ His 
serial electroencephalograms over a 51-month period show almost complete clearing 
of the dysrhythmia (see Figure). Other than the initial convulsions no central 
nervous system organic signs could be found by careful analysis of the patient’s 
symptoms, physical examination, or psychological study. Relapses have occurred 
within two months after experimental dieldrin poisoning,® but none have been known 
to occur after aldrin poisoning. 

In addition to the initial convulsive crisis, this patient demonstrated evidences 
of renal damage. The renal changes probably were the result of aldrin poisoning 


2. Borgmann, A. R., and others: Toxicological Studies of Aldrin as Administered to 
Laboratory Animals (unpublished data). 

3. Kitselmann, C. H., and others: Toxicological Studies of Effects of Aldrin on Large 
Animals (unpublished data). 

4. Dieldrin has a structural formula corresponding to 1,2,3,4,10,10,-hexachloro-6,7-epoxy- 
1,4,4a,5,6,7,8,8a-octahydro-1,4,5,8-dimethanonaphthalene. 

5. Nogel, L. R.: Personal communication to the author. 

6. Dutra, F. R.: Unpublished data. 
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Left frontal-left parietal and right frontal-right parietal electroencephalographic tracings 
which are representative of the entire six-channel tracing demonstrate the, changing pattern 
exhibited by this patient. Electroencephalographic standardization: 1 mm. equals 10 Hv. 
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-alone. Although the proprietary mixture showed a 48% concentration of a petroleum 
distillate used as a solvent, the patient ingested an equivalent of only 3.1 cc. of this 
agent, because of dilution factors, and this amount is not generally considered toxic 
enough to produce the extent of renal damage noted. Hematuria appeared the day 
-after the poison was ingested. Azotemia followed, and both abnormalities continued 
for 18 days before renal function approached normal. The urinary output was not 
recorded at the local hospital ; however, the patient did void within the first 24 hours 
and frequently thereafter. A decreased ability to concentrate the urine remained at 
the time of the first discharge. Later studies of renal function, on the second hos- 
pitalization, Nov. 22, 1950, gave normal results. 

The animals poisoned by aldrin occasionally showed interstitial lymphocytic 
infiltration of the renal cortex and extensive degenerative changes of the convoluted 
tubules of the kidneys. The involved cells appeared swollen, with brightly staining 
eosinophilic homogeneous cytoplasm. The glomerular and medullary portions of the 
kidney remained intact." Studies of the renal function of poisoned animals have not 
been reported, and neither the mode nor the rate of excretion of aldrin is known. 
Specimens of the urine passed by this patient were not analyzed for aldrin content. 
Borgmann and associates * analyzed the tissues of a rat that survived a single toxic 
dose of aldrin equivalent to 45 mg. per kilogram of body weight 24 days after the 
rat ingested the poison. ,No aldrin was found in the rat’s tissues. 

It appears remarkable that liver damage was not found in this patient, especially 
since analytical studies of organs taken from rats poisoned with aldrin revealed that 
the liver contained a higher concentration of aldrin than any other organ in the 
body.’ The liver also showed the histological changes of central and midzone 


necrosis more often than any other organ in the body. The elevated icteric index, 15, 
of our patient was the only abnormality noted. 


No significant changes were noted in blood counts or in marrow examination 
either in our patient’s case or in that of experimental animals which could directly 
be attributed to aldrin effect. 

From the observations in this one case it would appear that a dose of 25.6 mg. of 
aldrin per kilogram of body weight produces completely reversible changes in the 
nervous and renal systems. The outcome depends on the amount of aldrin absorbed 
and the immediate institution of symptomatic therapy. 


SUMMARY 


The first known case of human poisoning from hexahydrohexachlorodimethano- 
naphthalene (aldrin) is reported. 

A 23-year-old old man intentionally drank the equivalent of 25.6 mg. of aldrin per 
kilogram of body weight. In spite of gastric lavage, generalized convulsions began 
within 20 minutes and persisted until large amounts of barbiturates had been given. 
Later an electroencephalogram revealed generalized cerebral dysrhythmia. The 
rhythm became essentially normal within five months. Hematuria and albuminuria 
appeared the second day and persisted 18 days. Hyposthenuria disappeared after 
two months. 

Experimentally, the L.D.,, of aldrin ranges from 44 to 99 mg. per kilogram of 
body weight. The histopathologic changes consist of renal tubular degeneration and 
ganglion cell degeneration with neuronophagia and hepatic necrosis. 
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Symptomatic treatment consists in removing the poison from the portal of entry 
(skin, respiratory tract, or gastrointestinal tract) immediately, barbiturate control . 
of convulsions, and treatment of renal and/or hepatic damage. 

In this case recovery is apparently complete. 


ie Drs. Frank Princi and Frank Dutra provided unpublished experimental data for this paper. 
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THE CHYLOMICRON COUNT AS AN INDICATOR OF 
PHOSPHORUS POISONING 


A Study Utilizing Experimental Animals 
R. B. L. FLEMING, B.S., MS. 
AND 


G. H. COLLINGS Jr., M.D., M.P.H. 
WILSON DAM (SHEFFIELD P.O.), ALA. 


MONG the characteristic effects brought about by phosphorus poisoning are 
fatty infiltration of the liver and other changes which indicate a serious dis- 
turbance in fat metabolism and in the mechanism of fat deposition. For this reason, 
it is logical that the fat content of the blood might also be affected and that studies 
of the blood lipids in phosphorus poisoning might be useful in clarifying some of 
the aspects of this disease, the chylomicron count being used as a convenient method 
of appraising the blood lipid concentration. The following report deals with 
investigations of this mgthod utilizing the rat. 

Gage and Fish' described the chylomicron count in 1924 and systematically 
studied the nature and the significance of these small particles. Other authors have 
dealt briefly with the normal and pathological variations of chylomicron counts in 
humans and animals, and recently the technique has come into extensive use in 
efforts to determine whether there is a relationship between blood lipids and 
atherosclerosis and associated conditions. 


Before undertaking the study of phosphorus-poisoned animals, techniques for 
performing chylomicron counts on normal rats were worked out and a series of 
experiments was conducted to determine the normal variations in counts and the 
relationship between counts and the intake of food. It was determined that under 
fasting conditions the chylomicron count decreased steadily from the level at the 
beginning of fasting and that within 36 to 48 hours it reached a base level, where 
it remained constant until food was given or death by starvation approached. When 
the starving animals ingested food, the count rose rapidly from the fasting base level 
to a peak which occurred about two hours after eating. After that time the count 
followed a less regular but generally diminishing course for several hours and then 
rose to a second peak. This typical series of changes in count following the ingestion 
of food (referred to as the chylomicrograph) was quite constant and could be 
reproduced as often as desired, except that almost two days of fasting were required 
to reach the base level. This fact limited the number of times the test could be 


From the Occupational Health Branch, Health and Safety Division, Tennessee Valley 
Authority. 

1. Gage, S. H., and Fish, P. A.: Fat Digestion, Absorption and Assimilation in Man 
and Animals as Determined by the Darkfield Microscope and a Fat Soluble Dye, Am. J. 
Anat. 34:1, 1924, 
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utilized in the same animals. It was found that substituting a fat-free diet for the 
fasting period resulted in a constant base count within approximately eight hours 
and that the return to the stock diet produced a chylomicron response similar to 

_ that following fasting, except that the peak occurred at four hours instead of two. 
Under these conditions it was possible to utilize the chylomicron counting pro- 
cedure frequently in the same rats without seriously interfering with their nutrition. 
Thexefore, in our laboratories the following standard procedure was adopted for 
all chNpnicron studies on rats. 


PROCEDURE 


An ether-extracted, fat-free diet was substituted for the regular diet for 8 to 12 hours; 
a base level chylOgicron count was made; the animals were then given their regular diet, 
and chylomicron counts were made at appropriate intervals after they had returned to normal 
food. These subsequent counts have been termed A. R. F. (after return to food) counts. 
Thus, the four-hour A. R. F. count would be the peak count on the chylomicrograph. 


EXPERIMENT A 


This experiment was designed to determine whether phosphorus poisoning had 
any demonstrable effect on the chylomicron count. 


Group Mean Base Chylomicron Counts—Experiment A 


Base Chylomicron Counts, Chylomicrons per Field 


Injee- Day of Experiment 


z 

5 


4 1. Phosphorus-poisoned animals. 18.6 20.0 19.6 194 198 19.3 19.3 19.0 19.0 19.5 19.0 19.0 18.7 18.3 19.0 

E 2. Control animals ............. 18.6 17.38 18.3 183 18.Q 188 18.8 17.3 18.5 18.5 17.7 18.0 18.8 18.7 18.7 

4 Rather large doses of phosphorus were emplO@ ed. Base counts (fat-free diet) were 

4 determined for 27 healthy rats. -These rats were tn divided into two groups. Group 1 

q (15 rats) received yellow phosphorus by subcutaneouinjection at the rate of 1.1 mg. per 

3 kilogram of body weight per day * throughout the dur?:ion of the experiment. A solution 


of yellow phosphorus in peanut oil was injected subc.taneously three times a week in 
sufficient quantity to result in this rate of administration. Group 2 (12 rats) served as control. 
These animals received injection of peanut oil without phosphorns. In number and volume these 
were similar to the injections given to the rats in Group 1. 


Chylomicron counts were made on each animal at the rate of one a week, but counts were 
not made on all the animals on the same day. One-third of the animals in each group were 
subjected to counting on Monday, one-third on Wednesday, and one-third on Friday. Thus, 
each animal was subjected to the counting procedure only once a week, yet counts repre- 
sentative of each group were obtained three times a week. 


The accompanying table presents the base level counts obtained during this 
experiment. The animals of Group 1 showed a slightly elevated base count through- 
out the experiment, but the amount of this elevation was so small as to make it 
of doubtful significance. Otherwise there was no apparent effect of the phosphorus 
_ on the base chylomicron count. The counts of the individual animals varied but 
slightly from the group means shown in the table, the maximum deviation of any 
single count being 2.6 chylomicrons or less per field. 


2. Previous experiments in this laboratory had determined that this dosage Ne produce 
weeks. 
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rapid involvement of the livers with only moderate mortality within the first 1 
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Beginning on the fifth day of the experiment, four-hour A. R. F. counts were 
also made periodically on the animals in Groups 1 and 2. These four-hour A. R. F. 
counts are presented in Chart 1. 

It will be observed that phosphorus poisoning produced a sharp depression in 
the four-hour A. R. F. count. Shortly after the administration of phosphorus was 
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Chart 1 (Experiment A)—Mean four-hour A.R.F. chylomicron counts of Group 1 


(phosphorus-poisoned rats, —-———) and Group 2 (controls, ) during a pericd of 
50 days. 
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Chart 2 (Experiment A).—Mean chylomicrographs of Group 1 (phosphorus-poisoned rats, 
), Group 2 (controls receiving injections of peanut oil, ), and a third group 


(cage controls, — ) on the 13th day of phosphorus administration. 

begun, the four-hour A: R. F. count began to diminish and continued to decrease 
until the 12th day. Then, in spite of the continued administration of phosphorus 
at the same rate, the four-hour A. R. F. count increased until the end of the experi- 


ment, at which time it was not very different from the four-hour A. R. F. count 
for control animals. 
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On the 13th day of the experiment, a complete chylomicrograph was made for 
each animal by taking the base count and a series of periodic counts after return 
to food. The mean chylomicrographs made at this time for Groups 1 and 2 are 
shown in Chart 2. Also shown in Chart 2 are mean chylomicrographs for two other 
groups of animals (cage controls) that were not receiving injections of either 
peanut oil or phosphorus in peanut oil. The phosphorous-poisoned animals (Group 
1) showed a delayed chylomicron response to food, with a peak count at five instead 
of the usual four hours after return to normal food, and the peak was considerably 
lower in Group | than in the control groups. 
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Chart 3 (Experiment B).—Mean four-hour A. R. F. chylomicron counts of Group 1 (phos- 


phorus-poisoned rats, ——-——) and Group 2 (controls, ) over a period of 80 days (first 
period) of phosphorus administration. 
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Chart 4 (Experiment B).—Mean four-hour A.R.F. chylomicron counts of Group 1 


{phosphorus-poisoned rats, —————) and Group 2 (control, 


during second period 
of phosphorus administration. 


EXPERIMENT B 


Experiment A was repeated in the same fashion as described above except that 
the dose of phosphorus was reduced to 0.8 mg. per kilogram of body weight per day. 
Injections were continued for 80 days. Again no significant difference in base count 
was observed between poisoned and control rats, but a depression in the four-hour 
A. R. F. count occurred among the poisoned animals (Chart 3). The depression 
of the four-hour A. R. F. count was not quite as marked as that produced by the 
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higher doses used in Experiment A, and the most severe depression occurred around 
the 17th day of poisoning instead of the 12th as in Experiment A. 

This experiment was continued until the four-hour A. R. F. counts of the 
poisoned animals had virtually returned to normal despite the continued adminis- 
tration of phosphorus. At that time (80 days of phosphorus administration) the 
injections were stopped for a period of one month. 

After one month the injections were resumed exactly as before. The four-hour 
A. R. F. counts beginning at the reinstatement of phosphorus administration and 
continuing for another 75 days are shown in Chart 4. It will be noted that a depres- 
sion of four-hour A. R. F. count occurred again in the animals who had already 
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Chart 5 (Experiment B).—Mean four-hour A.R.F chylomicron counts of Group. 1 
(phosphorus-poisoned rats, —--——) and Group 2 (controls, ) during the third period 
of phosphorus administration. 


been through this cycle and had recovered. The second depression was of essentially 
the same magnitude as the first but reached its lowest point somewhat sooner. After 
passing this low point the counts again gradually returned to normal over a period 
of 75 days, despite the continued administration of phosphorus. 

The animals were given a second rest period free from phosphorus injections 
but of shorter duration than the first (only 10 days’ freedom from injection). For 
the third time the phosphorus was administered exactly as on previous occasions, 
and for a third time a depression of the four-hour A. R. F. count occurred (Chart 
5). Unfortunately, matters beyond our control forced the termination of this experi- 
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572 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 
ment 14 days after beginning injections of phosphorus for the third time, but the 
animals had already shown an even greater depression of the four-hour A. R. F. 
count than on previous occasions. 

These experiments indicate that the base (fat-fasting) chylomicron counts of 
rats are not significantly affected by relatively acute phosphorism, nor by more 
prolonged chronic poisoning, even though the dosage in the acute poisoning experi- 
ment was sufficient to kill practically all of the animals within 45 days. On the other 
hand, considerable effect is produced by phosphorus on the chylomicronemia 
following the ingestion of food. Both acute and chronic types of phosphorism pro- 
duce this effect. There is a delayed increase in the chylomicron count in response 
to food, and the magnitude of the increase is less than normal. In this regard the 
maximum effect of phosphorus seems to be exerted during the first two to two 
and one-half weeks of administration and after that time it would appear that some 
sort of tolerance or resistance develops which can, over a long period, counteract 
the effect of phosphorus on the chylomicron count. This immunity or tolerance 
must be rather short-lived, for it was shown that it was lost within 10 days of the 
cessation of exposure. 

One may speculate regarding the physiological explanation of these observations 
without arriving at any definite conclusions, since detailed knowledge about the 
effects of phosphorus on fat metabolism, and about fat metabolism itself is limited. 
}owever, it is important to note that pathologic involvement of the liver would not 
as logically account for the abnormalities observed in chylomicron counts as would 
defects in absorption of fat, and while this does not eliminate pathologic involvement 
of the liver as a possible cause, it may indicate that the gastrointestinal tract is more 
severely damaged by phosphorus than has been previously recognized. 

Whatever the explanation, it appears that in the rat the chylomicron count is a 
dependable test for the presence of early induced phosphorism. This observation 


raises the possibility of giving the chylomicron count at least preliminary trial in 
the detection of subclinical phosphorism in humans. 


SUMMARY 


No significant changes were found to occur in the fasting base-level chylomicron 


counts of either phosphorus-poisoned animals or controls as compared with normal 
values. 


In rats acutely or chronically poisoned with phosphorus, early and reproducible 
changes occurred in the chylomicron counts made four hours after return to food. 
The four-hour A. R. F. counts altered by phosphorus tend to return to normal 
when phosphorus administration has continued over long periods. This return may 


indicate a developing tolerance for phosphorus, but such tolerance is quickly lost 
on cessation of phosphorus administration. 


The four-hour A. R. F. chylomicron count should 


be studied for possible 
usefulness in the detection of phosphorism. 
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TOXICITY OF DI-(ACETYL CYANIDE) 


JOSEPH F. TREON, Ph.D. 


FRANK R. DUTRA, M.D. 
AND 


JOHN CAPPEL, B.S. 
CINCINNATI 


I-( ACETYL CYANIDE), or methylacetoxymalononitrile (Fig. 1), is a glis- 

tening white crystalline powder that sublimes. It boils at 208 C. The powder 

has an acetic-like and a cyanide-like odor, the former predominating. It is not 

appreciably soluble in either water or aliphatic hydrocarbons. It is quite soluble in 

aromatic hydrocarbons, acetone, alcohol, and carbon tetrachloride. It has a 
molecular weight of 138.124. 

The concentration of 1 mg. per liter is equivalent to 180.7 ppm by volume at 745 

mm. of mercury and 25 C. 
PROCEDURE 


Oral Administration.—Gelatin capsules of size No. 1, containing weighed amounts (450, 200, 
100, 50, and 30 mg.) of only the finely ground powder were introduced through the esophagus 


of healthy female rabbits weighing between 2.3 and 2.9 kg. 

In the case of rats the material was given as a 0.2% W/V suspension in a 1% aqueous 
solution of methyl] cellulose (methocel®) and also as a 0.2% W/V solution in a 10% by volume 
solution of alcohol in water. A measured amount of either the suspension or the solution, 
contained in a hypodermic syringe, was expelled through a blunt 6-cm., 17-gauge hypodermic 
needle passed through the esophagus into the stomach of female rats. 

Cutaneous Application—Slightly moistened di-(acetyl cyanide), in the doses of 9.4, 6.0, 3.9, 
and 2.5 gm. per kilogram of body weight, was maintained in contact with the skin of rabbits 
grouped according to the several doses, in accordance with the sleeve technique of Draize, 
Woodard, and Calvery.1 The hair was clipped from an area of skin 6 to 7 in. (15 to 18 cm.) 
wide and completely encircling the trunk of each rabbit. The entire trunk was covered with a 
sleeve of dental rubber dam, which fitted tightly at the cephalad and caudad edges of the 
clipped area and loosely over the intervening area. In the case of two of the three rabbits 
subjected to contact with the highest dose, the outermost layer of the skin was abraded 
previously by scratching thin furrows a few millimeters apart with a hypodermic needle. At the 
end of 24 hours the material was removed from the skin of any animals that were then alive, 
by washing with water and a sulfonated oil, “pH6”, after which a wide collar was placed 
about the neck of each animal to prevent it from licking its fur. 

In a second series of experiments, 2 gm. of slightly moistened di-(acetyl cyanide) was main- 
tained in contact with the intact abdominal skin of each of three rabbits for one hour per day 
on each of five days per week. In this instance no rubber sleeve or other covering was 


From the Kettering Laboratory, Department of Preventive Medicine and Industrial 
Health, University of Cincinnati College of Medicine. 

1. Draize, J. H.; Woodard, G., and Calvery, H. O.: Methods for the Study of Irritation 
and Toxicity of Substances Applied Topically to the Skin and Mucous Membranes, J. Phar- 
macol. & Exper. Therap. 82:377, 1944. 
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employed» At the end of each period of contact the material was removed in the manner 
described*above, after which a wide collar was placed about the neck of the rabbit. 

Exposure to the Vapor—Groups of experimental animals, usually consisting of 2 guinea 
pigs, 10 mice, 2 rabbits, and 4 rats, were exposed to air bearing the vapor of di-(acetyl cyanide) 
in a 223-liter cylindrical steel chamber 2 coated on the inner surface with a chemically resistant 
plastic material. Their behavior could be observed through a sheet of clear plastic which 
sealed the otherwise open front end of the chamber, an interposed heavy wire mesh preventing 
the animals from breaking the seal. A stream of air from three Gast rotary suction and blast 
pumps was passed through a calcium chloride drying tower and a tube (16 by 2.5 in. [40.5 
by 6 cm.] outside diameter) filled with activated charcoal and then in some instances (indicated 
elsewhere) was divided into two streams, the rate of flow of each being measured by a rotameter. 
One stream passed over the surface of a supply of di-(acetyl cyanide) maintained at 70 to 76 C. in 
an electrically heated cylindrical glass tube (24 by 2 in. [61 by 5 cm.], outside diameter wrapped 
with 21.3 feet of B and S gauge-30 nichrome-IV wire (133 ohms), as described previously.* 
This stream then entered a glass air condenser (18 by 3 in. [45.5 by 7.5 cm.]), maintained at 
room temperature, at a point near its bottom. Thus any excess of vapor over that required 
for saturation at room conditions was condensed out. About 4.5 in. from the top of the con- 


Q CN 
(CH,-C-O-C-CH,) 
CN 


ig. 1—Chemical formula of methylacetoxymalononitrile. 
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Fig. 2.—Standardization curve for the determination of di-(acetyl cyanide) in air. 


denser the previously diverted second stream was recombined with the vapor-laden air before 
the mixture entered the respiratory chamber. Air was withdrawn frdm the bottom of the 
chamber near the plastic seal by reducing the pressure slightly (about 2 to 4 mm. of water) 
at that point. 

Determination of Di-(Acetyl Cyanide) in Air—This material can be determined quanti- 
tatively by virtue of its ability to absorb ultraviolet radiation of wave length 240 mz. 

Samples of air from the respiratory chamber were collected by passing air at the rate of 
150 or 200 ml. per minute for one-half to two hours through alcohol in an absorption train, 
one to three samples being collected in each experiment, depending on its duration. The 
sampling equipment consisted of a series of two long narrow glass tubes (13 mm. outside 
diameter and 355 mm. long), each of which contained a number of small glass helices 
moistened with 10 ml. of redistilled alcohol. After each period of sampling, the liquid in each 
tube was removed to a separate 25-ml. volumetric flask and diluted to 25 ml. with alcoholic 


2. Machle, W.; Scott, E. W., and Treon, J. F.: The Physiological Response to Isopropyl 
Ether and to a Mixture of Isopropyl Ether and Gasoline, J. Indust. Hyg. & Toxicol. 21:72, 1939. 
3. Treon, J. F.; Wright, H.; Kitzmiller, K. V., and Younker, W. J.: The Physiological 


Response of Animals to 2-Aminodiazine and 2-Amino-4-Methyl Pyrimidine, J. Indust. Hyg. 
& Toxicol. 30:79, 1948, 
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washings from the tube. The transmission of the solution contained in a 50-mm. quartz cell 
was then determined at 240 me by means of a Beckman spectrophotometer set against a 
corresponding cell containing redistilled ethyl alcohol. Figure 2 depicts the variation in 
transmission at 240 m# with concentration over the range of 20 to 390 y per milliliter. 

The ethyl alcohol used as solvent was purified in the following manner. About 1,750 ml. 
of 95% ethyl alcohol was permitted to stand over night with 10 gm. of potassium hydroxide 
in the form of pellets and 7 gm. of aluminum foil (0.003 in. [0.075 mm.]). The mixture was. 
then refluxed for one-half hour and distilled at 78.5 C., the first 20 ml. being rejected. 

Determination of the Oxygen Content of Arterial and Venous Blood—One milliliter of 
blood was shaken in a Van Slyke apparatus with a lactic acid-ferricyanide solution in order to 
liberate the oxygen, carbon dioxide, and nitrogen from the blood. The carbon dioxide was 
absorbed in a sodium hydroxide solution, and the pressure of the remaining gas was measured, 
The oxygen was then absorbed in a sodium hyposulfite-anthraquinone sulfonate solution and the 
pressure was remeasured, the difference being due to removal of the oxygen. 


TaBLe 1.—Mortality Among Rabbits and Rats Given an Oral Dose of Di-(Acetyl Cyanide) 


Rats 


Compound Administered Compound Administered - 
Rabbits* in Aleoholt in Methocel®} 
A. 


~ 


Number of Number of 


Rats Rats 
That Died/ Length That Died/ 


Number Number 
Survival, Given Survival, Given Survival, 
Min. Compound Min. Compound Min. 


15.0 
10.3-10.9 


* The animals received the undiluted compound in gelatin capsules. 


+ Di-(acety] cyanide) was administered as a 0.2% W/V solution in 10% by volume svition of ethanol in 
wate 


Tr. 
} Di-(acetyl cyanide) was administered as a 0.2% W/V solution in a 1% aqueous methocel® solution. 


A sample of blood was withdrawn from one of the common carotid arteries and another 
from one of the external jugular veins of the rabbit or the dog, and, after a suitable period 
following the administration of the di-(acetyl cyanide), additional samples were withdrawn 
from the corresponding vessels on the opposite side of the body. In a few instances, blood was. 
drawn from the femoral artery or vein. 


EXPERIMENTAL RESULTS 


Oral Administration —The data recorded in Table 1 indicate that the minimum 
lethal dose of di-(acetyl cyanide) when this is given orally as a powder in gelatin 
capsules to rabbits is greater than 10.9 and less than 18.0 mg. per kilogram of body 
weight. A fatal oral dose of di-(acetyl cyanide) induced in the rabbit a rapid rate of 
respiration followed by dyspnea and gasping. This was accompanied by considerable 
dilatation of the pupils, occasionally by salivation, and, in most instances, by one or 
more of the following signs: drawing the head upward and backward, swaying from 
side to side, or incoordination of movements. Death, which was preceded by a state 
of prostration associated with running movements of the legs, was due to respiratory 
failure. The odor of cyanide was detectible in the exhaled air. 


Ge 
Number of 
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| 40.0 ef: 2/2 5-18 3/3 26-88 
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A sublethal dose occasioned in rabbits an increased rate of respiration in some 
instances, followed by dyspnea. None of the animals suffered an appreciable loss in 
weight. 

The data recorded in Table 1 indicate that rats are less susceptible than are 
rabbits to the effects of a single oral dose of the material. The minimum lethal dose 
of di-(acetyl cyanide) when this was given orally either as an aqueous alcoholic 
solution or as a suspension in an aqueous methocel” solution to rats, is greater than 
20 and less than 30 mg. per kilogram of body weight. Signs of intoxication similar 
to those observed among fatally poisoned rabbits were observed among rats that died. 
Except for a transitory increase in the rate of respiration, followed by some dyspnea, 
seen in two rats that survived following the administration of 30 mg. per kilogram, 
no remarkable signs of intoxication were observed among rats that survived, and 
their transitory losses in weight were either small or insignificant. 

No lesions were found in the tissues of these rabbits and rats, on either gross or 
microscepic examination of their organs. The di-(acetyl cyanide) apparently killed 
the animals by chemical action, without visibly altering the structure of the tissues. 
The animals which survived the administration of a single oral dose and were killed 
subsequently did not have morphologic evidences of damage to their tissues. 


Tas_e 2.—Effect of Maintaining Di-( Acetyl Cyanide) on the Skin of Rabbits by the Method of 
Draize, Woodward, and Calvery! 


Number of Rabbits Length of Survival 
Dose, Condition That Died/Number After Application 
Gm./Keg. of Skin Given Compound on Skin, Hr. 


Abraded 2/2 0.8-1.0 
Unabraded Wl 3.0 
Unabraded 2/2 5.0-5.8 
Unabraded 2/2 2.8-11.5 
Unabraded 1/2 13.4 


Cutaneous Application —The data in Table 2 show the ease with which di- (acetyl 
cyanide) penetrates the intact and the abraded skin of rabbits. 

In the fatally poisoned rabbits, respiration became shallow, loss of muscular con- 
trol was demonstrated by inability to hold the head erect, the tail was held rigid and 
erect, and the pupils of the eyes were dilated. Slight local redness of the skin of these 
animals was observed. 

The only rabbit in this series that survived exhibited transitory labored respira- 
tion and physical weakness, and was killed on the 10th day after that of the appli- 
cation. When the material was removed from its skin, there was considerable 
erythema and edema of the abdominal skin. By the end of the second day, the edema 
had largely disappeared, but the erythema was still present on the sixth day, and at 
this time some hard crusts had appeared. However, when the animal was killed on 
the 10th day, its skin appeared normal except for the presence of two small crusts. 

Two grams (0.46 to 0.58 gm. per kilogram) of moistened di-(acetyl cyanide) 
were kept in contact with the unabraded abdominal skin of each of three rabbits 
for one hour on each of five days per week until there had been 60 such periods 
of contact over a period of 82 days. All three rabbits grew normally. All survived 
and were killed later. After the first application there was some slight erythema, 
which increased in intensity after the third application and was accompanied with 
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local edema. After eight applications some fissuring and crusting of the skin 
occurred. Applications of the material on a second, and later on a third, area of 
the abdominal skin resulted in somewhat similar reactions. On the 10th to 14th 
day after the last application on any particular site the appearance of the skin had 
returned to normal in that region. Throughout the remainder of the experiments 
the applications were made on a fourth site, at which a slight redness but no edema 
appeared. 

None of the animals subjected to applications of di-(acetyl cyanide) showed 
gross or histologic evidences of visceral injury. There were edema and slight 
lymphocytic infiltration of the corium in the localized areas of the skin of rabbits 
that died less than 14 hours after the application of the material. 

Exposure to the Sublimed Vapor—The data relating to the mortality among 
the experimental rats, mice, rabbits, and guinea pigs are plotted logarithmically in 
relation to severity of exposure in Figure 34, B, C, and D, respectively. In these 
graphs the duration of each exposure in hours is plotted along the axis of abscissae 
and the corresponding concentration along the axis of ordinates. Accordingly, the 
location of a point anywhere on such a graph indicates the severity of exposure as 
expressed in terms of the atmospheric concentration of the vapor and the length 
of time this was inhaled. Data from each of the experiments have been plotted as 
circles, the extent to which each circle is filled indicating the percentage of fatalities 
within the exposed group under the given conditions. 

In each graph a straight line has been drawn to separate the area into two 
regions, one above and to the right, within which any point indicates surely fatal 
conditions of exposure. and one beneath and to the left, within which any point 
indicates conditions of exposure that permit the survival of some, if not all, of the 
animals. 

Both of the rabbits (cf. Fig. 3C) exposed to 55 ppm (0.302 mg. per liter) 
survived under conditions which should have resulted in their deaths if one assumes 
that the line separating fatal and nonfatal conditions of exposure, as established 
for the higher concentrations, applies equally well to exposure to the lower. The 
survival of these rabbits suggests that this is not the case and indicates that a 
discontinuity in the line may occur at some concentration between 108 and 55 ppm, 
resulting in a more gradual slope. The circle denoting the survival of these rabbits 
would otherwise fall within the area representing uniformly fatal conditions. A 
similar deflection of the curve for guinea pigs occurred at some concentration 
between 224 and 151 ppm (D in Fig. 3). Evidence for the occurrence of such 
a deflection was much less-definite in the case of mice (B in Fig. 3), and the corre- 
sponding deflection in that of rats (A in Fig. 3), should one occur, must be below 
66 ppm. 

From inspection of Figure 3 it appears that rats are somewhat more suscep- 
tible to the vapor arising from di-(acetyl cyanide) than are mice and rabbits, 
while guinea pigs are considerably more resistant. Guinea pigs were also more 
resistant than other species to acrylonitrile * and to trichloroacetonitrile.* 


4. Dudley, H. C., and Neal, P. A.: Toxicology of Acrylonitrile (Vinyl Cyanide): I. A 
Study of the Acute Toxicity, J. Indust. Hyg. & Toxicol. 24:27, 1942. Dudley, H. C.; 
Sweeney, T. R., and Miller, J. W.: Toxicology of Acrylonitrile (Vinyl, Cyanide) : II. Studies 

(Footnotes continued on next page) 
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In addition to the previously mentioned species, two cats and a dog were 
exposed to the concentration of 76 ppm (0.419 mg. per liter) for seven hours on 
each of two successive days. One cat died during the second period of exposure, 
and the other died on the day following the second period, while the dog died on 
the second day after the second period of exposure. Although no other animals 


Concentration, ppm 


7,10 20 
TIME, HOURS 


Concentration, ppm 


C D 


20 40 10 20 40 
TIME, HOURS TIME, HOURS 


Fig. 3.—Fatalities among animals of various species following the inhalation of the vapor 
of di-(acetyl cyanide). Data from each experiment have been plotted as circles, the extent to 
which each circle is filled indicating the percentage of fatalities among exposed animals: A, 
rats; B, mice; C, rabbits; D, guinea pigs. 


of Effects of Daily Inhalation, ibid. 24:255, 1942. Lawton, A. H.; Sweeney, T. R., and 
Dudley, H. C.: Toxicology of Acrylonitrile (Vinyl Cyanide): III. Determination of 
Thiocyanates in Blood and Urine, ibid. 25:13, 1943. 

5. Treon, J. F.; Kitzmiller, K. V.; Sigmon, H.; Dutra, F., and Younker, W.: The 
Physiological Response of Animals to Trichloroacetonitrile Administered Orally, Applied on 
the Skin or Inhaled as a Vapor in Air, J. Indust. Hyg. & Toxicol. 31:235, 1949. 
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were used in this experiment, the results of the other experiments suggest that 
these conditions would surely have been fatal to rats, although mice and rabbits 
probably, and guinea pigs almost certainly, would have survived had they been 
used in this experiment (cf. Fig. 3). 


TABLE 3.—Lowest Concentrations Capable of Inducing Specific Signs of Intoxication in 
Animals of Various Species 


Signs of 
Intoxication 


Pawing of nose 


Sneezing 


Blinking of eyes 


Nasal discharge 


Slight discharge 
Lachrymation 
Salivation 


Dyspnea 


Holding head up 
and back 
Gasping 


Prostration 


Corneal turbidity 


Dilatation of pupil 
of eye 


Species of 
Animal 


Mice 
Guinea pigs 

ats 
Rabbits 
Mice 


Rats 

Cats and dogs 

Guinea pigs 

Rabbits 

Guinea pigs and 
rabbits 

Rats and mice 


Cats and dogs 


Rats 

Cats and dogs 
Rabbits 
Rabbits 
Guinea pigs 
Mice 


Guinea pigs 
Rabbits 
Rats 


Guinea pigs 
Cats 
Mouse 


Mouse 

Rats, guinea pigs 

Rabbits 

Cats and dogs 

Rats, guinea pigs 
and rabbits 

Guinea pigs 

Guinea pigs 

Guinea pigs 

Rabbits 

Rabbits 

Rabbits 

All species of 
animal 


Rats 

Rats 

Mice 

Mice 
Rabbits 
Rabbits 
Rabbits 
Guinea pigs 
Cats 


All species of 
animal 


Rabbits 


Concen- 
tration, 
Pp 


170 


In these experiments the animals gave signs of irritation of the mucous mem- 
branes, dilatation of the pupils, salivation, lachrymation, coughing, squealing, and 
respiratory distress (Table 3). Commonly, death was preceded by a short period 
in which there were convulsive movements. In the more protracted experiments, 
ulcers developed with regularity in the corneas of exposed animals. 


Period of 
Exposure 
or Length 
of Time 
Required to 
Induce Effect 


Immediately 


Immediately 


1.25 hr. 

4th 7-hr. period 

Within few min. 
to 2 hr. after 
onset of dyspnea 

50 min. 


7 br. 

22 min. 

4 hr. 

12 min. 

4 hr. 

Several 7-hr. periods 
2 br. 

Tbr. 

lor2 


7-hr. periods 
2.5 hr. 


579 
| 
= 1-4 min. 
73 1-4 min. 
70 1-4 min. 
55 1-4 min. 
201 1-4 min. 
96 1-4 min. ‘er 
: 76 1-4 min. 
73 1-4 min, 
55 1-4 min. 
73 
Highest 
Concen- 
tration 
224 4-6 min. 
76 15 min. ik 
96 4-15 min. 
73 1hbr. 
min. 
96 1-14 min. 
170 
151 
96 4 min. 
76 1 min. 
70 7 hr. 
96 15 min. 
96 4hbr. 
76 15 min. 
73 7 br. 
437 26 min. 
108 1 br. 
73 3d 7-hr. period 
73 
ee 3 
| 343 
70 
224 
= 
73 
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On being exposed to adequate concentrations of the vapors of this compound 
the animals gave immediate evidence of irritation of the mucous membranes. Ani- 
mals of various species responded by rubbing their noses with their forefeet when 
they were exposed to air bearing di-(acetyl cyanide) in concentrations equivalent 
to or greater than those listed with them, respectively, as follows: mice, 170 ppm; 
guinea pigs, 73 ppm; rats, 70 ppm; rabbits, 55 ppm. Sneezing was immediately 
evident when the concentrations were but slightly higher than these. Blinking 
of the eyes, which was an immediate response on the part of guinea pigs and rabbits 
when exposed to concentrations as low as 73 ppm, occurred in mice and rats only 
during exposure to the highest concentration. Rabbits had a slight nasal discharge 
within 4 to 15 minutes after they had been placed in a chamber in which the atmos- 
pheric concentration was 96 ppm, but this was seen only after an hour when the 
concentration was 73 ppm. This response was elicited somewhat more readily 
in guinea pigs, but rats and especially mice exhibited it only when exposed to the 
higher concentrations. Other signs suggestive of irritant action—salivation and 
lachrymation—were observed in varying degrees among animals of certain species. 
Salivation, which was not observed in mice under any conditions of exposure, 
occurred more readily in guinea pigs than in rats and rabbits. Lachrymation like- 
wise occurred most readily in guinea pigs, being noted after 1 to 14 minutes of 
exposure to the concentration of 96 ppm, but it was only rarely observed among 
rabbits, and never among mice or rats. 

At a later period during the exposure, signs of a more serious nature developed. 
These included an increased rate of respiration, respiratory irregularities, dyspnea, 
and gasping, the mouth being held open and the head held up and back. These 
signs were associated, after a time, with prostration and convulsive movements. 

Convulsive movements were usually observed prior to death. They occurred 
most frequently in rabbits and were observed as running movements of the legs 
and sometimes as general twitching of the body. In the guinea pig twitching of 
the feet was occasionally observed. Involuntary jumping into the air was occasion- 
ally observed in the rat and the mouse, tremors rarely being seen in the mouse. 

Di-(acetyl cyanide) vapor has a caustic action on the eyes of all species of 
animals, since a visible turbidity of the cornea, covering from one-third to all 
of its surface, was observed after a sufficient period of exposure. The presence of 
ulceration was confirmed by staining with fluorescein. One or two seven-hour 
periods of exposure to the concentration of 73 ppm induced this effect in almost 
all animals. 

No significant changes occurred in the hemoglobin content or in the number 
of erythrocytes or of leucocytes in the peripheral blood of rabbits or guinea pigs 
subjected repeatedly to the vapor of di-(acetyl cyanide) in the air in the concen- 
tration of 73 ppm. 


Pathologic Changes.—All of the animals that died nee or shortly after the 
inhalation of these vapors were found to have varying degrees of pulmonary edema 
and granulocytic infiltration of the alveoli. Scattered focal intra-alveolar hemor- 
rhages were also fairly common. In the animals which died promptly the edema 
was much more prominent than the cellular exudate, but in animals which lived 
for several days the edema was less marked and the presence of large numbers 
of leucocytes and large mononuclear cells indicated the existence of chemical pneu- 
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monia. Sections from the larynx, the trachea, and the large bronchi of several 
animals which died during or shortly after exposure revealed no evidence of necro- 
sis of the epithelium, but there was slight to moderate mucosal and submucosal 
edema in these sections. Among the animals which survived after respiratory 
exposure and were killed six or more days after their last period of exposure, many 
were found without evidence of residual damage to the respiratory tract. There 
were, however, occasional individual animals which had evidences of unabsorbed 
edema or of unresolved pneumonia. These conditions were more common among 
animals which had been exposed to the higher concentrations of di- (acetyl cyanide). 
In the animals which had been exposed for 1.5 hours to 55 ppm and were killed 
9 to 13 days later there were no residual pulmonary lesions. The only signs of 


TaBLe 4.—Effect of Di-( Acetyl Cyanide) on the Oxygen Content of Arterial and Venous Blood 


Time of 
Difference Sampling in Relation 
Oxygen Content, Between to Time of Admin- 
Manner in Vol. % Arterial istration of Dose 
pound Was Dose, Arterial p Oxygen Minutes Minutes 
Administered Mg./Kg. Blood Blood Contents Before After 
Orally 19.6" 81 
Intraperitoneally 11.2 
0.56 
23.42 
22.24 
9.49 


0.38 
Rabbit E930 . 4.30 
16,42 


2.58 
i734 


Rabbit E947 15.58 


Rabbit E98 
17.13 
15.15 


*The dog vomited; additional material was subsequently administered intraperitoneally. 
+ The time is calculated from the time of administration of the oral dose. 

t The second dose was given seven days after the. first.. 

$ The compound was administered as a suspension in 0.5% methocel.® 


damage resulting from the inhalation of di-(acetyl cyanide) were those found in 
the respiratory organs. 

On the basis of the examination of these animals it appears that vaporized 
di-(acetyl cyanide) exerts a primary irritating effect on the respiratory system 
and that delayed deaths subsequent to inhalation of the vapor result from chemical 
pneumonia. In this respect the compound is similar to chlorine and other irritant 
gases ; however, among the animals that died during or shortly after exposure, the 
amount of damage to the respiratory tract was not great enough to account for 
the prompt fatalities, and it is presumed that the deaths in these instances were 
caused by the systemic action of the material. The nature of this systemic action 
was not reflected in visible pathologic alterations of the organs of the animals. 


Effect on Oxygen Content.—Because the cyanide ion exhibits an inhibitory 
reaction on tissue oxidation by combining with the cytochrome in the living cells, the 


Experimental 
Animal 
: 
Dog A20f .......... 
| 
eneritonsal 1) 42t x a 
46t 
ee 47t 
30 

34 

15.66 147 87 ‘wer 
10.94 4.21 ns 12 | 
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oxygen normally supplied to the cells from the arterial blood remains in the blood 
stream, thus increasing the oxygen content of the venous system over that normally 
present. It seemed desirable to determine whether di-(acetyl cyanide) exerted a 
“cyanide-like” effect which might result either from the action of the whole molecule 
or from that of the cyanide ion released in hydrolysis of the material. 

The oxygen content of the venous blood of a dog was found to be abnormally 
high shortly after each of two occasions (separated by an interval of one week) 
on which di-(acetyl cyanide) was administered orally (Table 4). Since, on each 
day, the dog vomited within 8 or 10 minutes after the administration of the material 
in a capsule, an additional amount of di-(acetyl cyanide) was given intraperi- 
toneally. On the first day the intraperitoneal dose was given 29 minutes after 
the oral dose, and on the second day, 42 minutes later. (In the second instance 
the examination of the venous blood made 30 minutes after the administration of the 
oral dose showed the oxygen content of the blood to be 20.6 volumes per cent, 
thus demonstrating that some of the dose had been absorbed.) The dog died 
50 minutes after the administration of the oral dose on the second day. About three 


Taste 5.—Effect of Sodium Cyanide on the Oxygen Content of Arterial and Venous Blood 


Difference Time of 
Manner Between Sampling in Relation 
Oxygen Content, Arterial to Time of Admin- 
Vol. % and istration of Dose 
Venous 


Was Ad- Dose, Arterial Venous Oxygen Minutes Minutes 
Experimental Animal ministered Mg./Kg. Blood Blood Content Before After 


Rabbit E904 Orally 2.5 waees 12.58 2.83 19 
15.41 Sens 17 

14.66 0.39 32 

Rabbit E953 Orally 9.17 411 16 

13.28 14 

12:96 


12:22 0.04 21 
23 


quarters of an hour after the administration of the oral dose, the oxygen content 
of the venous blood was approaching that of the arterial blood. 

This cyanide-like effect was absent in two of three rabbits (E947 and E948) 
and present only to a small extent in a third (E930), each of which was given 
orally about 19 mg. of di-(acetyl cyanide) per kilogram (Table 4). 

In order to determine to what extent the oxygen content of the venous blood 
of rabbits would be altered by sodium cyanide, each of two rabbits was given a dose 
by stomach tube of 2.5 mg. of sodium cyanide per kilogram. The results in Table 
5 show that although the normal difference in oxygen content between the venous 
and the arterial blood of rabbits is less than that of dogs, the oxygen content of 
the venous blood of rabbits is increased following absorption of sodium cyanide. 

The fact that this effect did not occur with any regularity in rabbits poisoned 
by di- (acetyl cyanide) suggests that this mechanism cannot be held wholly account- 
able for the toxic effect of this material on this species of animal. 


COMMENT 
Although rats were more susceptible than rabbits to the sublimed vapor of 
di-(acetyl cyanide), the reverse was true when the material was administered 
orally. The rat may well be more resistant than the rabbit to a material given in 
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one dose by stomach tube, because of differences in alimentary structure and func- 
tion. Largent* has shown that cryolite was retained longer within the alimentary 
tracts of rabbits than within those of rats and that the former species of animal 
was more susceptible to an equivalent dosage of this material. 

It is interesting to note that di-(acetyl cyanide) induced dilatation of the pupil 
of the eye, whereas another organic cyanide, trichloroacetonitrile, caused contrac- 
tion of the pupils.* 

The findings of Dudley and his associates * with acrylonitrile and our findings 
at comparable concentrations with di-(acetyl cyanide) are presented in Table 6. 
As judged in terms of concentration in parts per million, di-(acetyl cyanide) 
appears to be more toxic than acrylonitrile for rats, rabbits, guinea pigs, and cats. 
On the other hand, although the only dog in our work died, it tolerated exposure 
to the. concentration of 76 ppm for a longer period than did dogs exposed to 56 


TasLe 6.—Comparison of Toxicity of the Vapors of Acrylonitrile and of Di-( Acetyl Cyanide) 


Aerylonitrile Di-(Acetyl Cyanide) 


Concentration Duration af Concentration Duration 
of Expo- of Expo- 
PpM Mg./L. sure, Hr. Fate PpM Mg./L. sure, Hr. 
Rats 
135 (4) x ‘ All survived 
5 All survived 
31% died 
6% died 
All survived 
Rabbits 
All survived 2 of 2 died 
Guinea Pigs 
All survived fi J 2 of 2 died 
Dogs 
110 (4) 24 ‘ 2 of 8 died f lof 1 died 
56 (4) lof 2 died 


Cats 
275 (4) 0.60 2. 2 of 2 survived 
100 (4) 0.22 1 died after 11 ’ 2 of 2 died 
exposures; 3 
others survived 


* Exposed four hours per day five days per week tor eight weeks. 


ppm of acrylonitrile in experiments of others,* who found dogs the most susceptible 
of the animals they employed in their work with that compound. 

The guinea pig appears to be more resistant than most species of animals to 
several organic cyanides, namely, di-(acetyl cyanide), acrylonitrile,* and trichloro- 
acetonitrile.® 

Careful medical observations would be required to establish safe limits for 
prolonged human inhalation of the vapor of di-(acetyl cyanide), but a concentration 
of the order of 10 parts of di-(acetyl cyanide) per million parts of air (0.056 mg. 
per liter) might be considered tentatively to be tolerable under conditions in which 
such observations can be instituted. 

SUMMARY 

The minimum lethal dose of di-(acetyl cyanide) when this is given orally as 

a powder in gelatin capsules to rabbits is greater than 10.9 and less than 18.0 mg. 


6. Largent, E. J.: The Comparative Toxicity of Cryolite for Rats and Rabbits, J. 
Indust. Hyg. & Toxicol. 30:92, 1948. 


ag 
$ 
j 
Bes 
| 
i 


584 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


per kilogram of body weight. The corresponding dose for rats, regardless of 
whether the substance is given as a solution in an aqueous alcohol medium or as 
a suspension in an aqueous solution of methocel,® lies between 20 and 30 mg. per 
kilogram. 

A lethal dose of di-(acetyl cyanide) administered to rabbits or rats induced 
dyspnea, gasping, dilatation of the pupil of the eye, ataxia, loss of muscular control, 
and death by respiratory failure. 

When 2.5 gm. of the material per kilogram of body weight was kept in contact 
with the intact skin of rabbits for a few hours according to the sleeve method of 
Draize and associates,’ death usually resulted. The skin of a survivor exhibited 
transitory edema and erythema for several days. 

Three rabbits survived after a period of 82 days during which 2.0 gm. of 
moistened di-(acetyl cyanide) had been kept for one hour on the intact skin of 
each rabbit on each of 60 days. Erythema, edema, and fissuring of the skin, 
accompanied by formation of crusts, occurred uniformly in these animals. 

Deaths occurred among animals of various species when they imhaled the vapors 
of di-(acetyl cyanide) in the concentrations stated and for the periods indicated 
here: rats, 66 ppm (0.365 mg. per liter) for seven hours; rabbits and mice, 73 ppm 
(0.402 mg. per liter) for seven hours on each of five successive days; guinea pigs, 
151 ppm (0.833 mg. per liter) for seven hours. 

Animals of several species survived when they inhaled the vapors of di- (acetyl 
cyanide) in the following concentrations for the periods indicated: rats, 59 ppm 
(0.325 mg. per liter) for 3.9 hours; mice, 55 ppm (0.302 mg. per liter) for seven 
hours ; rabbits, 170 ppm (0.942 mg. per liter) for 1.5 hours; guinea pigs, m ppm 
(1.11 mg. per liter) for 2.5 hours. 

Animals exposed to the vapors of this material showed irritation of the mucous 
membranes, corneal ulceration, respiratory distress, and prostration. In rabbits, 
dilatation of the pupils of the eyes was also noted. 

The oxygen content of the venous blood of the dog was increased subsequent 
to the oral or the intraperitoneal administration of di-(acetyl cyanide). This 
cyanide-like effect was less evident or absent in rabbits given an oral dose of this 
compound. 

The oral administration of di-(acetyl cyanide) did not result in demonstrable 
visceral lesions, nor did cutaneous applications of this compound cause gross or 
microscopic injury to internal organs. Irritation of the skin was observed at the 
site of application of di-(acetyl cyanide) within the first 24 hours of contact. 

Some of the animals inhaling the vapors of di-(acetyl cyanide) in concentrations 
of 0.365 mg. or more per liter of air (66 ppm) revealed pulmonary edema and 
chemical pneumonitis; animals exposed to lower concentrations for as long as 


seven hours survived and were free of evidences of pulmonary damage when killed 
9 to 13 days later. 
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ABSORPTION AND EXCRETION OF INHALED FLUORIDES 


GILBEART H. COLLINGS Jr., M.D., M.P.H. 
RICHARD B. L. FLEMING, MS. 
AND 
ROY MAY, MS. 
WILSON DAM (SHEFFIELD P. 0.), ALA. 


XTENSIVE research has been conducted into the metabolism of fluorine and 
fluorine compounds in both animals and man.’ Most of this work has neces- 
sarily been carried out using the oral rather than the respiratory route of 
administration of the fluorides. With the exception of the results of a very few 
studies on fluorine and hydrogen fluoride gas, and the reports of cases of fluorosis 
said to have occurred after exposure to cryolite and phosphate rock dusts and other 


From the Health and Safety Division, Occupational Health Branch, Tennessee Valley 
Authority. 

Presented in part at the Annual Meeting of the American Industrial Hygiene Association, 
Atlantic City, April 24-26, 1951. 

1. (a) Bauer, W. H.: Experimental Chronic Fluorine Intoxication: Effect on Bones and 
Teeth, Am. J. Orthodontics (Oral Surg. Sect.) 31:700, 1945. (b) De Eds, F.: The Toxicity of 
Fluorine in Dicalcium Phosphate, Am. J. M. Sc. 203:687, 1942. (c) De Eds, F., and Thomas, 
J. O.: Comparative Chronic Toxicities of Fluorine Compounds, Proc. Soc. Exper. Biol. & Med. 
31:824, 1934. (d) Evans, R. J.: A Study of the Comparative Toxicity of Cryolite Fluorine 
and Sodium Fluoride for the Rat, Am. J. Physiol. 126:713, 1939. (e¢) Greenwood, D. A.; 
Blayney, J. R.; Skinsnes, O. K., and Hodges, P. C.: Comparative Studies of Feeding of 
Fluorides as They Occur in Purified Bone Meal Powder, Defluorinated Phosphate and Sodium 
Fluoride, in Dogs, J. Dent. Res. 26:311, 1946. (f) Largent, E. J., and Heyroth, F. F.: The 
Absorption and Excretion of Fluorides: III. Further Observations on Metabolism of Fluorides 
at High Levels of Intake, J. Indust. Hyg. & Toxicol. 31:134, 1949. (g) Largent, E. J.: The 
Urinary Fluoride Excretion Among Men Employed in Alkylation Plants Using the Hydrogen 
Fluoride Process, ibid. 29:53, 1947. (h) Largent, E. J.: The Comparative Toxicity of Cryolite 
for Rats and for Rabbits, ibid. 30:92, 1948. (i) Lawrenz, M., and Mitchell, H. H.: The Relative 
Assimilation of Fluorine from Fluorine-Bearing Minerals and Food (Tea) and from Water 
and Food, J. Nutrition 22:621, 1941. (j;) Lawrenz, M.; Mitchell, H. H., and Ruth, W. A.: 
Adaptation of the Growing Rat to the Ingestion of a Constant Concentration of Fluorine in the 
Diet, J. Nutrition 19:531, 1940. (k) Roholm, K.: Fluorine Intoxication, London, H. K. Lewis 
& Co., Ltd., 1937. (1) Smith, F. A., and Gardner, E. E.: A Preliminary Investigation of Blood 
Fluoride Levels Following Exposure to Hydrogen Fluoride at a Concentration of Approximately 
29 mgm./M3, Atomic Energy Commission, Unclassified Document 406, May 25, 1949. (m) 
Voegtlin, C., and Hodge, H. C.: Pharmacology and Toxicology of Uranium Compounds, New 
York, McGraw-Hill Book Company, Inc., 1949. 


2. Machle, W., and others: The Effects of Inhalation of Hydrogen Fluoride, J. Indust. 
Hyg. & Toxicol. 16:129, 1934; 17:223, 1935. Smith and Gardner.1! Voegtlin and Hodge.™ 
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forms of fluorides,’ there is little information available to the industrial physician 
in regard to the relative toxicity of the various compounds of fluorine when inhaled. 
Since most industrial problems relating to fluorides arise from inhalation, it is 
extremely important to differentiate the various compounds with respect to their 
relative toxicity when given access to the body by this route. 

Studies on the absorption of fluorides from the alimentary tract indicate that 
solubility has a great deal to do with both the speed and the amount of absorption 
which takes place. If this were also true of inhaled fluorides, one might expect to 
find rather rapid and complete absorption of gaseous compounds (this has been 
reported '*) and slower more prolonged absorption of dusts containing fluorine. 
In cases of exposure under the latter conditions, one responsible for the interpre- 
tation of urinary fluoride determinations would have to recognize the fact that a 
reservoir of dust in the lungs could lead to prolonged absorption even after cessation 
of exposure. 


The present study was undertaken to determine the response to inhaled fluorides 
on the part of two human subjects who had had no previous exposure to significant 
amounts of fluoride, and who were shown to have normal rates of fluoride excretion 
in the urine during periods in which they were not subjected to such exposure. 


METHODS 


The urinary excretion of fluoride on the part of each of two subjects was followed for several 
days prior to the experimental exposure and for a sufficiently long period after exposure to be 
certain that the urinary levels had returned to normal. No attempt was made to determine the 
actual amount of the dietary intake of fluoride, since the range of variation in the amount of 
fluoride from this source was expected to be exceedingly small in comparison with the amounts 
to be administered by inhalation and would, therefore, not constitute an appreciable source of 
error in the results. 

Two types of exposure were involved in these observations: A, exposure to an industrial 
environment known to contain fluorides, principally in the gaseous state, in the form of hydrogen 
fluoride and silicon tetrafluoride; B, exposure to an atmosphere containing rock phosphate dust 
(3.5% fluorine) which was produced artificially in a dust chamber. 

Two subjects were exposed for a single eight-hour shift to these conditions, first to the 
gaseous environment, and then, many weeks later after the urinary fluorides had been normal for 
a long time, to the dusty atmosphere. Urine specimens were collected at intervals of two hours 
during and for approximately two days after each exposure. Thereafter, specimens were collected 
at progressively longer intervals to the end of each experiment. In all cases the urine specimens 
consisted of the entire output of urine during the period represented. 


3. Agate, J. N., and others: Industrial Fluorosis: A Study of the Hazard to Man and 
Animals Near Fort William Scotland; A Report to the Fluorosis Committee, Medical Research 
Council—Memorandum No. 22, London, His Majesty’s Stationery Office, 1949. Bauer, J. T.; 
Bishop, P. A., and Wolff, W. A.; Pathologic Changes in Bone in Chronic Fluorine Poisoning, 
Bull. Ayer Clin. Lab. 3:67, 1937. Bishop, P. A.: Bone Changes in Chronic Fluorine Intoxication, 
Am. J. Roentgenol. 35:577, 1936. Brun, G. C.: Urinary Excretion of Fluorine in Chronic 
Fluorine Poisoning in Cryolite Workers, Acta med. scandinav. 106:26, 1941. Evang, K.: Inci- 
dence of Bronchial Asthma, Acute Cryolite Poisoning and Fluorosis Among Norwegian Alumi- 
num Workers, Nord. hyg. tidskr. 19:117, 1938. Machle, W.; Scott, E. W., and Largent, E. J.: 
The Absorption and Excretion of Fluorides, J. Indust. Hyg. & Toxicol. 24:19, 1942; 25:112, 
1943. Mller, P. F., and Gudjonssen, S. F.: Massive Fluorosis of the Bones and Ligaments, 
Arbeitsschutz, 1933, p. 265. Roholm, K.: Fluorine Intoxication in Cryolite Workers, Hospi- 


talstid. 79:981, 1936. Wilkie, J.: Two Cases of Fluorine Osteosclerosis, Brit. J. Radiol. 
13:213, 1940. Largent.'s 
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Collection of urine specimens was carried out at locations remote from the exposure and as 
free from fluoride contamination as possible. During the period of exposure the subjects wore 
protective clothing, which was removed prior to urination. The hands were washed, and extreme 
care was exercised to prevent contamination of the specimens. In order to take these precautions, 
it was necessary for the subjects to remain away from the exposure areas for 15 minutes of every 
two hours. In addition, between the second and third two-hour periods, lunch was taken, and this 
required an additional loss of 15 minutes. Of course, the experiments could have been carried 
out without the lunch periods, but they were included in order to duplicate, as nearly as possible, 
a workman's shift. 

Atmospheric samples were taken serially, without loss of time, throughout the entire period 
of eight hours of exposure. Duplicate samples were taken simultaneously by two trains of 


TasLe 1.—Air Concentrations of Fluorides in Exposure A 


Concentrations 
Observed over Period 
Duration of Air Concen- of 2 Hr. 
Period of Exposure,” trations,t (Calculated), 
Sampling in. Mg./M.* Mg./M# 
2.9 
26 
44 
3.2 


3.3 


* Exclusive of time spent in collecting urine and at lunch. 
+ Field blanks yielded results under 1% of amounts in samples in all cases. 


TasLe 2.—Air Concentrations of Fluorides in Exposure B 


Concentrations 
Observed 
Duration of Air Concen- 
Period of Exposure,” trations,t 
Sampling Min. Mg./M.* 


8.7 8.7 
4.5 3.9 


ée 6.5 41 


Mean &hr. shift 56 6.0 


* Exclusive of time spent in collecting urine and at luneh. 
t Field blanks yielded results under 1% of amounts in samples in all cases. 


equipment. One train consisted of an electrostatic precipitator.in series with two standard 
impingers ; the other consisted of two standard impingers in series. Impingement was in 0.1 N 
sodium hydroxide solution. Air flow through the sampling apparatus was metered at all times. 
A field blank was taken with each sample. 

The precipitator fraction of the first few samples taken under the conditions of Exposure A 
was analyzed separately in order to be sure that little or no dust was present. All other samples 
were analyzed for total fluoride content, the results being expressed as milligrams of fluorine 
ion per cubic meter of sampled-air. 


RESULTS 
Atmospheric Concentrations —Table 1 shows the actual atmospheric concen- 


trations during the gaseous exposure and the calculated equivalent concentrations 
which would have made the same amount of fluorine available for absorption if 
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extended over the full two-hour period. It will be noted that exposure was relatively 
constant around a mean of about 3.5 mg. per cubic meter. Particulate fluorides were 
found to constitute less than 5% of this total. 


Table 2 shows the atmospheric concentration during the exposure to dust and 
the calculated equivalent concentrations which would have made the same amount 
of fluorine available for absorption if extended over the full two-hour period. 

The distribution of the particles as to size was determined periodically during 
Exposure B. Ninety-five per cent of the particles were 5 p» in size or smaller. 
It will be noted from Table 2 that the exposure during the first!two-hour period 
was somewhat severer than it was in the later periods, but that it was quite 
constant in the last three periods. The mean concentration per day was 5.0 mg. 
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DAY ON EXPERIMENT 


Chart 1—Urinary excretion of fluorides by Subject G. H. C. after an eight-hour exposure to 


air-borne fluorides. Dotted line shows excretion after exposure to dust, and solid line, excretion 
after exposure to gas. 


per cubic meter. Thus, the magnitude of the exposure to dust was one and one- 
half times as great as that of the previous gaseous exposure, in terms of total 
air-borne fluoride. In spite of this fact, the concentration would have been regarded 
in terms of subjective appraisal as much greater in the gaseous environment. Both 
subjects experienced the anticipated irritant effect of the gases and the remarkably 
rapid acclimatation which is so well known. No subjective symptoms were noted 
from the dust, other than the visible awareness of its presence. 

Urinary Excretion—The urinary excretion of subject G. H. C. prior to 
exposure was found repeatedly to range between 0.8 and 1.0 mg. of fluorine per 
day, and that of subject R. F., between 1.0 and 1.4 mg. of fluorine per day. Charts 
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1 and 2 show the rise and fall of the excessive urinary output of these two subjects 
in relationship to the eight-hour exposure to gaseous fluorides and to particulate 
fluorides.* 

It is strikingly obvious from these curves that there is no apparent difference 
between the gas and the dust as regards the rapidity and extent of the absorption 
of fluoride. Furthermore, except for the fact that subject G. H. C. showed slightly 
more rapid responses than subject R. F. (particularly to the high atmospheric con- 
centrations of the first two-hour period of Exposure B), there is no remarkable 
difference to be noted in these two subjects. 

In both subjects and in both types of exposure, a rapid rise in urinary output 
(erratic for subject G. H. C. but smooth for subject R. F.) followed the exposure, 
and a peak output was reached in two to four hours after cessation of exposure. 


Eight hour 


i 


und | 


3 4 
DAY ON EXPERIMENT 


Chart 2.—Urinary excretion of fluorides by Subject R. F. after an eight-hour exposure to 
air-borne fluorides. Dotted line indicates excretion after exposure to dust, and solid line, excre- 
tion after exposure to gas. 


Within 24 hours after the beginning of the exposure, the urinary levels had fallen 
practically to base levels, although a slight elevation persisted into the following 
day. This elevation would represent a carry-over into another day's exposure 


4. Urinary excretion during the fifth and eighth two-hour periods of the day after Exposure 
A for subject R. F. is erratically high. This, in all probability, is an effect induced by diuresis. 
It was necessary during all these experiments to maintain a slightly increased fluid intake in 
order to be able to collect specimens every two hours. During the two periods mentioned above, 
the urinary volumes were 800 and 625 cc., respectively, for two hours, while the volumes during 
all other two-hour periods ranged from 50 to 300 cc. Undoubtedly, the tremendous volumes of 
these two specimens contributed both to an increase in the analytical error and to actual incréase 


in the output of fluorides. They are included in the graph for completeness but should probably 
be disregarded. 
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in the case of an employee who returned to work on the next day, but the amount 
of such carry-over is indeed small. Preliminary studies of this point, which we will 
report on later, indicate that this carry-over has little practical cumulative effect 
upon the urinary fluoride levels of subsequent days, although it contributes to 
the resultant total excretion. It is also noted that the carry-over shown in Charts 
1 and 2 is slightly greater for dust than for gas, although quantitatively the differ- 
ence is small and may be of no significance. 

The total amounts of fluoride excreted daily after exposure are shown in 
Table 3. It will be noted that the amounts of fluorine excreted were slightly 
higher after exposure to the dust than to the gas, but it should be recalled that 
the air concentrations of fluoride in the exposure to dust were one and one-half 
times as great as that in the exposure to gas. 


TABLE 3.—Total Daily Fluoride Output in Urine Following Exposure 


Total Daily Urinary Output of Fluorides, 
Mg. of Fluorine Ion 


Subject G. H. C.* Subject R. F.t 
AX A. 


Gas Dust Gas Dust 

Day Exposure Exposure Exposure Exposure 
Day of exposure 9.64 10.00 8.56 9.95 
Ist day after exposure 1.67 1.96 2.49 2.99 
2d day after exposure 0.99 1.28 1.31 1.10 
3d day after exposure 0.89 0.73 1.34 0.98 


* Normal urinary output, 0.9 mg. 
t+ Normal urinary output, 1.2 mg. a day. 


CONCLUSIONS AND SUMMARY 

Two human subjects were exposed to atmospheres containing fluorides. 
A single exposure of eight-hour duration to approximately 3.3 mg. of gaseous 
fluorides per cubic meter of air resulted in an elevation of the rate of urinary 
excretion of fluorides to approximately 8.1 mg. per day. A single exposure of 
eight-hour duration to approximately 5.0 mg. of “insoluble” fluoride dust per 
cubic meter of air resulted in an elevation of the rate of urinary excretion of 
fluorides to approximately 8.9 mg. per day. 

As determined by the analysis of serial urine specimens, exposure to atmos- 
pheres containing either gaseous fluorides or particulate fluorides produced the 
same changes in the rate of the urinary excretion of fluorides over a period of time. 

In proportion to the respective atmospheric concentration, the total amount of 
fluoride excreted after exposure to gaseous fluorides was slightly greater than was 
the amount excreted after exposure to fluoride dust, but the equal rapidity of 
urinary changes occasioned by these two types of exposure would indicate that the 
two forms of fluoride are equally well absorbed by the lungs. 

Under conditions of usual industrial work in which 8 hours of exposure are 
followed by 16 hours of freedom from exposure, it is to be expected that the 
elevation of the rate of urinary fluoride excretion occasioned by the exposure 
during one work shift will have returned to normal before the next shift begins. 
A slightly elevated rate of excretion may persist into the next shift, but the mag- 
nitude of this carry-over would be unimportant in proportion to the rate of 
fluoride excretion produced by the repeated exposure. 


: 
a 

q 

i 

4 
; 

q 


OCCUPATIONAL DISEASES OF DENTISTS 


FRANK J. ORLAND, D.D.S., Ph.D.(Bact.) 
CHICAGO 


LTHOUGH there does not appear to be any one particular disease exclusively 
associated with practitioners of ‘dentistry, there are a considerable number 

and variety of minor occupational hazards to which the dentist is exnosed. These 
lend themselves to subdivision into three groups: (a) involvements may arise from 
physical strain on certain body parts; (b) physical and chemical injuries may be 
incurred with items in the dentist’s armamentarium; (c) certain infectious diseases 
may be acquired by the constant and close proximity to the patient’s oral cavity. 


PHYSICAL STRAIN 


Long hours of operative and minor surgical procedures confined to the patient’s 
mouth entail considerable physical strain on the part of the dental practitioner. 
Almost constart use of the eyes for discerning fine detail in restricted dental areas, 
often by mirror reflection, frequently results in ocular strain. Dentists in that age 
group encountering the adjustment to bifocal lenses have been most aware of strain 
to the eyes. Ophthalmologic conditions were the second most frequent cause of 
disturbances found among 273 dentists who were registered as patients in 1940 at 
the Mayo Clinic, according to Austin and Kruger.’ 

Orthopedic defects caused by prolonged and awkward positions demanded of 
the dentist in carrying out his work are not infrequent. A study of case histories of 
dentists by Hauser? revealed complaints of lower back pains originating in the 
lumbosacral or sacroiliac region. It was declared in a paper by Howkins®* that a 
dental surgeon of mature years always has two definite stigmas, “a dropped right 
shoulder and a bent second finger.” Over the years, a scoliosis may develop and 
the persistent holding of dental instruments may produce such phalangeal distor- 
tions, as confirmed by roentgen examination. 

Postural awkwardness may result in an imbalance between the capacity of the 
weight-bearinz structures and the demand made upon them. Aches and tiredness 


Dr. Orland is assistant professor of dental surgery and research associate in bacteriology. 

From the Walter G. Zoller Memorial Dental Clinic and the Department of Bacteriology 
and Parasitology, the University of Chicago. 

Read in the Symposium on Occupational Health of Medical Personnel before the Section 
on Preventive-and Industrial Medicine and Public Health at the One Hundredth Annual Session 
of the American Medical Association, Atlantic City, June 13, 1951. 

1. Austin, L. T., and Kruger, G. O.: Common Ailments of Dentists: A Statistical Study, 
J. Am. Dent. A. 35:797-805 (Dec.) 1947. 

2. Hauser, E. D. W.: Health and Posture of the Dentist, Fortnightly Rev. 11:10-13 
(May) 1946. 

3. Howkins, C. H.: Mortality and Occupational Diseases of Dental Surgeons, Dent. J. 
Australia 8:390-393 (June) 1936. 
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in the foot may be due to such an imbalance, with loss of the longitudinal arch. 
Varicose veins and hemorrhoids have been reported to be — by the 
unnatural stance of the dentist in his work at the dental chair. 

The greatest number of diseases among dentists who were patients in . 1940 at 
the Mayo Clinic’ involved the gastrointestinal tract. Of these, duodenal ulcers 
overshadowed all others. The most frequent variety of cardiac disease was hyper- 
tension, especially in older dentists, but this was not considered significant. 


TISSUE INJURY 


The extensive armamentarium used in the present-day practice of dentistry 
contains many items which have caused tissue injury to the dentist. Of the physical 
equipment, the x-ray apparatus has been the most notorious in the past for produc- 
ing radiation injuries. Yet even today, there are men in dentistry not fully aware 
of the cumulative effects of such radiations. They will often try to maintain the 
position of the dental x-ray film in the patient’s mouth by holding it themselves 
while the exposure is made. 

Since the dentist’s hands are absolutely essential in his practice, any marked 
impairment of them attains paramount importance. Among the great number and 
variety of chemical substances used by the dental practitioner, several have been 
found frequently irritating to the skin of the hands. Formaldehyde, certain essential 
oils, methyl methacrylate monomer, x-ray developer, mercury, and some soaps have 
been shown to produce dermatitis. Of all the hazards encountered in dentistry, the 
development of a dermal hypersensitivity to such local anesthetics as procaine seems 
to be uniquely associated with the mode of use of these drugs in dental practice. 

Cutaneous Hypersensitivity to Procaine—The reaction which develops on 
contact with procaine in previously sensitized persons can result in a dermatitis 
severe enough to compel cessation of dental practice. That this affliction, described 
by Lane‘ in 1921, is no longer of rare occurrence has been established by three 
separate surveys. In a sampling of the dental population comprising one branch 
of the Chicago Dental Society, the Zoller Clinic found a 2.3 to 8.7% indication of 
possible procaine dermatitis. Skin tests on those who gave a positive answer to 
the questionnaire, however, showed the smaller number, i. e., approximately 2%, 
to be actually hypersensitive. A few years later, the Council on Dental Therapeutics 
of the American Dental Association collected data which indicated, as reported in 
1948 by Laden and Wallace,’ that more than 500 dentists thought themselves sensi- 
tive to procaine, though many listed other frequently used substances as well. 
Charter, Schlack, and Ware*® showed in their recent statistical study that among 
Navy dental officers 128, or 3%, had experienced procaine-sensitivity symptoms. 

Regarding the clinical picture, a mild skin reaction to procaine results in a 
delayed sequence of a vivid erythema, vesiculation, itching, and desquamation. In 
a severe reaction, as observed on the distal phalanges of those fingers usually 


4. Lane, C. G.: Occupational Dermatitis in Dentists: Susceptibility to Procain, Arch. 
Dermat. & Syph. 3:235-244 (March) 1921, 

5. Laden, E. L., and Wallace, D. A.: Contact Dermatitis Due to Procaine: A Common 
Occupational Disease of Dentists, J. Invest. Dermat. 12:299-306 (May) 1949. 

6. Charter, W. V.; Schlack, C. A., and Ware, R. L.: A Study of Novocain eho 
Sensitivity Among Navy Dental Officers, J. Dent. Res. 28:337-347 (Aug.) 1949. 
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inserted in the patient’s mouth, there is edema, and later drying and scaling, with 
extremely tender erosion and painful fissuring of the fingertips. 

In a study conducted at the University of Chicago Clinics, it was learned that 
to elicit an erythematous skin reaction for testing purposes some dentists required 
the application of a patch test. A majority of those tested, however, were sensitive 
enough that a drop of 2% procaine hydrochloride solution placed on the skin for 
five minutes caused a distinct redness at the site of contact within 24 to 48 hours. 
In the case of a few highly sensitized persons, when a drop of such a solution was 
diluted a thousand times, there was still elicited a perceptible erythema. 


Fig. 1—Section of skin from procaine-sensitive person, showing cellular reaction 60 hours 
after topical application of a drop of 2% procaine hydrochloride solution; x 225. 


For microscopic study, punch biopsy specimens were taken, under the direction 
of Dr. Stephen Rothman, of skin areas where typical procaine reactions had been 
provoked experimentally. In the prepared sections (Fig. 1), there was observed 
a perivascular infiltration in the corium. Intraepidermal vesicle formation was 
apparent, and in the Malpighian layer near the vesicles there was seen disruption 
of the cytoplasmic projections bridging the interepithelial spaces. Such spongiosis 
was considered typical of dermatitis venenata. 

Besides the cellular pathological aspects, this cutaneous reaction also demon- 
strated an antigenic phenomenon. A considerable number, but not all, of the 
persons hypersensitive to procaine have been shown to. react not only to procaine 
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but to all homologues of the procaine molecule, as reported in earlier publications.’ 
Besides these several local anesthetic agents, which are all esters of p-aminobenzoic 
acid (PABA) with secondary or tertiary amines in the side-chain (Fig. 2), a series 
of simpler, related compounds was also tested. These included p-aminobenzoic acid 
and a series of alkyl esters of p-aminobenzoic acid; they all gave negative skin 
reactions. The importance of the aromatic amino group for a positive skin reaction 
was established by testing anesthetic agents without such a group on the benzene 
ring, but with a tertiary amine in the side-chain. The formulas of a few of these 
appear in Figure 3. None elicited a positive skin reaction. 


Fig. 2.—Local anesthetic agents provoking a skin reaction. 


From the results of these epidermal tests, it was deduced that the essential 
portion of the molecules evoking a positive skin reaction would appear as sketched 
in Figure 4. In nine dentists the allergic reaction could be provoked only by an 
antigen having this structure of a p-aminobenzoic acid ester, in which the alcoholic 
side-chain contained a secondary or tertiary amine nitrogen. The length of this 
side-chain and the position of the amine nitrogen could differ. Substitutions for 


7. Laden and Wallace.® Orland, F. J.; Flesch, P., and Rothman, S.: Specificity of Cutaneous - 
Allergy to Procaine in Man, Proc. Soc. Exper. Biol. & Med. 56:110-112 (June) 1944. Rothman, 


S.; Orland, F. J., and Flesch, P.: Group Specificity of Epidermal Allergy to Procaine in Man, 
J. Invest. Dermat. 6:191-199 (June) 1945. 
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Fig. 3.—Anesthetic agents yielding no skin reactions. 
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Fig. 4—Essential portion of molecule causing skin reaction. 
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hydrogen atoms by alkyl groups in the aromatic amino group or in the side-chain 
did not alter the antigenic effect, but the aromatic amino group had to be in 
para position. 

As an explanation of the mechanism of this procaine-sensitivity phenomenon, 
the following is postulated. Repeated contact with procaine in some persons must 
cause the procaine molecule to combine with the tissues of the host, either directly 
or after some intermediary chemical alteration in vivo. The resulting procaine- 
complex acquires antigenic attributes and functions somewhat like the conjugated 
antigens of Landsteiner,* which arise when haptene structures become attached to 
indifferent foreign protein molecules. Accordingly, the newly formed procaine- 
complex would effect sensitization by production of antibodies, which, however, 
must be fixed in certain cells of the skin, since no circulating antibodies in the serum 
could be demonstrated by passive transfer tests using the method of Prausnitz and 
Kistner. These sessile antibodies, located in some kind of skin repository, combine 
with the reactive haptenic configuration (Fig. 4) whenever the anesthetics contain- 
ing it are made available to the skin surface. The resultant reaction taking place 
on a cellular level leads to the microscopic and clinical manifestations described. 


TRANSMISSIBLE INFECTIONS 


Working in the immediate environment of the patient's mouth and throat, the 
dentist is subject to the acquisition of a number of easily transmissible infectious 
diseases. During the colder months of the year, upper respiratory infections are 
an almost constant threat. 

The development of a syphilitic chancre on the examining fingers has not been 
uncommon. Probably no one is more exposed to the danger of contracting extra- 
genital syphilis than is the dentist, for syphilis is never more contagious than when 
its active lesions, virtually teeming with Treponema pallidum, occur on the oral 
mucous membrane. Before the days of antibiotic therapy, a survey conducted by 
Salzmann and Appleton ® listed 31 cases of syphilis acquired by dentists in their 
practice. The primary lesion in all instances occurred on the thumb or fingers. In 
three cases, interestingly enough, it was reported fissures of the fingertips caused 
by procaine dermatitis were sites of the initial lesion. 

Fragments of salivary calcretion, fillings, and tooth roots being removed by the 
dentist are known to have caused traumatic injury and secondary infection to the 
operator’s eye on a number of occasions. 


CONCLUSION 


With an awareness of the many hazards encountered in dental practice, the 
dentist by exercising the proper degree of caution can avoid most, if not all, of 
these precarious situations, any one of which is capable of markedly detracting 
from his general well-being while practicing his profession. 


8. Landsteiner, K.: The Specificity of Serological Reactions, Cambridge, Mass., Harvard 
University Press, 1947, p. 198. 

9. Salzmann, J. A., and Appleton, J. L. T.: Syphilis Insontium: Acquired by the Operator 
During Dental Treatment, New York J. Dent. 2:269-276 (July-Aug.) 1932. 
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INSTITUTE OF OCCUPATIONAL HEALTH IN HELSINKI 


LEO NORO, M.D. 
HELSINKI, FINLAND 


HE INSTITUTE of Occupational Health, situated in the university hospital 

area of Meilahti in Helsinki, is relatively new. The planning of the institute 
began in April, 1945, in connection with the first clinic in internal medicine at the 
University of Helsinki. At that time a polyclinic of occupational medicine was 
founded, chiefly for examination and treatment of the numerous persons presenting 
carbon monoxide poisoning then. In the same year, on May, 30, a foundation 
was established to support occupational medical research. In the next year a com- 
mittee for occupational medicine, appointed by the Cabinet, suggested the building 
of the research institute with state funds. That same year Parliament made the first 
grant for starting the building construction. The foundation stone was laid in 
September, 1948, but, mainly because of numerous strikes, construction of the 
building was badly delayed, and the institute was not completed until the spring 
of 1951. 

THE BUILDING 


The Institute of Occupational Health, is a building complex of about 30,000 
cubic meters. The six-story portion contains the animal rooms, the kitchen, the 
restaurant for the staff, and the small auditorium (sixth floor), the patient ward 
(fifth floor), the psychological department (fourth floor), the offices of the public 
health associations (third floor), the clinical laboratory and the administrative 
department (second floor), and the industrial hygiene laboratories (first floor). The 
second- and third-story portions contain the polyclinic, the x-ray department, the 
physiological department, and the large auditorium, with a health exhibit and 
museum. Among the special laboratories is the running-track room, where various 
conditions of humidity and temperature can be obtained, as well as a low-pressure 
room. On the ground floor is also a precision-machine shop. In the gable end of 
the higher part are 18 apartments for members of the hospital staff. 


ADMINISTRATION AND FUNCTION OF THE INSTITUTE 


The institute is state property, but it is conveyed until the end of the year 1954 
to the Occupational Medical Foundation. The administration of the Foundation is 
by a committee of 15 members, of which the Cabinet nominates eight ; the Central 
Association of Employers in Finland, two; the Confederation of Finnish Trade 
Unions, two, and the General Association of Insurance Companies, the City of 
Helsinki, and the Association for Preventing Accidents, one each. 

This committee chooses the Board of Trustees of seven, which is responsible for 
running the institute. 


Dr. Noro is Head of the Institute of Occupational Health. 
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The functions of the institute are (1) to examine and develop methods to safe- 
guard and to improve health of workers ; (2) to make, on request of authorities and 
private persons, occupational health surveys in plants, as well as other investigations 
in the field of occupational hygiene and medicine; (3) to assist, as occupational 
hygiene experts, the governmental and communal authorities and institutions work- 
ing for the improvement of the health of employees; (4) to confer, by request, with 
physicians, technical officials and social workers, trade unionists, and other persons 
on questions connected with social medicine and occupational health; (5) to serve 
as a diagnostic and clinical center for occupational diseases; (6) to operate, by 
agreement, as a health center in Helsinki for small plants, state institutions, 
vocational and other schools and institutes to the extent that research and infor- 
mation are required; (7) to arrange courses in occupational health and _ social 


The Institute of Occupational Health, Helsinki, Finland. 


medicine; (8) to distribute information on occupational health and education in 
cooperation with state institutions and private associations and organizations; (9) 
to carry out other duties in the field of the institute as required by the Board. 


ORGANIZATION 
The institute is divided into the following five departments : 


1. The General Department, in charge of the administration, management, 
finances, public relations, biostatistics, and investigations of the institute, and of the 
occupational health information work, as well as those duties of the institute which 
cannot be referred to any other department. 

2. The Medical Department, in charge of occupational medical research work, 
the polyclinical and clinical activity, the occupational medical services for plants, 
institutions, schools, etc., in both experimental fields and in education. 
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3. The Psychological Department, in charge of occupational psychology and 
vocational guidance research, informational and occupational hygiene welfare work 
in the experimental fields in cooperation with the Medical Department. 

4. The Physiological Department, in charge of research and education in prob- 
lems of industrial physiology and assessment of working capacity with the aid of 
functional tests. 


5. The Industrial Hygiene Department, whose duty it is to perform technical 
hygienic research work relating to occupational health, 


THE STAFF 


In the beginning of 1951 the staff consisted of 60 persons, to which number 10 
were added later. 

Fourteen physicians, representing different branches of medicine, are employed ; 
some of them serve part time only. Further there are two physiologists, one 
engineer, one chemist, three psychologists, two economists, and 16 nurses and public 
health nurses. One technician is a machinist and special x-ray technician, while 
two technicians are employed in the laboratories. 


THE ACTIVITY OF THE DEPARTMENTS 


As the charter of the institute indicates, it carries out both fundamental research 
and research tasks requested by clients ; it gives instruction and provides information 
for various groups and examines and treats patients. Its activity is thus widespread 
and varied. 

The medical department consists of the polyclinic, where general practitioners 
work with physicians representing different specialties: internal medicine, psychia- 
try, gynecology, otology, ophthalmology, diseases of the chest, radiology, surgery, 
and dentistry. They conduct research on the relation of work to health, examine 
and treat persons with occupational diseases belonging in their specialties, as well 
as treat patients in the work places selected for the welfare scheme of the institute. 
Persons applying for work are examined, and a statement is given of their fitness 
for different jobs. The health of workers exposed to the risk of occupational dis- 
eases is checked by periodic examinations. In addition to care of health, the patients 
receive also polyclinical treatment. 

The occupational skin diseases are the commonest. A dermatologist performs, 
when necessary, skin tests to determine the cause of the dermatitis. When wanted, 
examinations are carried out also at the working places, and detailed instructions 
are given for preventing dermatitis. If the employer suspects new materials or 
processes to be dangerous, he can get further particulars about them from the 
institute. 

Miniature roentgenograms make it possible to discover dust diseases, as well as 
other diseases of the organs of the chest, in an early stage and to prevent them. 
Through these 70 by 70 mm. miniature pictures, regularly taken, workers with a 
tendency to pneumonoconiosis are detected. The institute has for this purpose an 
x-ray unit which goes to the factory. The medical officers of the factories may send 
patients to the clinic for roentgenograms. 

Much attention is paid in the institute to care of the eyes. With a sight-screener 
apparatus the different visual functions of the workers (visual faculty, color sense, 
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visual field) can speedily be examined and persons selected with proper visual 
faculty for different tasks. The eye specialist may also visit the working places and 
advise on how to arrange the lighting, how to protect the eyes, and how to give 
first aid in eye accidents and diseases. Special examinations are performed in order 
to discover damage to the central nervous system. 

The institute has also a ward with 30 beds where the physicians can send 
patients with occupational diseases for treatment or examination. The department 
also takes other patients from the polyclinic for treatment. 

The activity of the Industrial Hygiene Department aims in the first place at 
removal of the technical causes of diseases at the working places. In recent years 
numerous objective research methods and materials have been developed for exam- 
ining the impurities in the air and other unhealthy environmental factors. The 
department performs, on request, surveys of temperature, humidity, ventilation, 
noise, lighting, and radiation in work places and determines also the amount of 
gas, fume, and dust in the air. 

Air tests are made at work places, but the greatest part of the samples are 
analyzed in the laboratories, where blood and urine specimens sent by physicians 
are also examined in order to estimate toxic substances, such as carbon monoxide, 
lead, and trichloroethylene. 

The raw materials and the technical products are also analyzed if suspected to 
be the cause of occupational diseases. 

This department is ready to give advice and to draw up plans to remedy bad 
conditions. 

In society today questions connected with mental hygiene are coming into the 
foreground. When the worker enjoys good mental health, is well balanced, and 
likes his work, his effectiveness is greatest. The Psychological Department studies 
the relation between work and mental health. Of its most immediate aims we may 
mention analyses of different occupations, the fitness of different human types to 
various jobs and occupations, psychodiagnostics, and psychological viewpoints in 
the study of work. 

In addition to the fundamental research, the department arranges, on request, 
conferences in factories on working conditions, personal questions, and fitness tests 
for especially exacting jobs. 

The fundamental research of the Physiological Department is in the first place 
concentrated upon the questions of industrial physiology connected with conditions 
in our country. The examinations applied directly to the working places compare 
the physiology of different working methods, as well as appraise fatigue and over- 
strain. For the insurance companies and factories, function tests of the organs of 
the circulation of blood and of respiration are performed. These tests are especially 
significant when the percentage of disability is to be rated in cases of pneumono- 
coniosis, tuberculosis, emphysema, and chronic heart disease. 


THE FINANCES OF THE INSTITUTE 
The institute receives state aid, the amount of which is determined yearly by 
Parliament. This aid has been thought to cover about half of the expenses of the 


institute. The other half is made up by the payment for work done by the institute 
and donations from industry, insurance companies, and trade unions. 
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Abstracts from Current Literature 


General 


LonGEvITY OF THE INDUSTRIAL Worker. Louts I. Dustin and Rosert J. VANE, Am. J. Pub. 
Health 41:697-702 (June) 1951. 


The authors point up the fact that a profound improvement in the mortality and longevity 
of the industrial wage earner has taken place during the past 40 years by a discussion of the 
broader aspects of the longevity of a fairly homogeneous group of workers. 


1. In little more than one generation 11% years have been added to the expectancy of life 
of this group at age 20. 


2. Notable gains have been made at every working age during this period. 


3. The gap between the mortality and the life expectancy of these white industrial workers 
and the white males in the general population has been narrowing during this period. 

4. Factors which have brought about this improvement cannot be accurately appraised 
because of deficient vital statistics—a deficiency that urgently needs remedying. 

A graph of the expectation of life of white men at the age of 20 from 1911 to 1949 and four 


tables are given. Surrey J. Boston. 


New Partrerns InpustriAL HEALTH AND MeEpIcaL CARE PROGRAMS IN CALIFORNIA. 
E. RicHarp WEINERMAN and Hereert K. Aprams, Am. J. Pub. Health 41:703-711 
(June) 1951. 


A résumé of the history of health and safety provisions in industrial agreements is given. 
The three general methods of providing medical benefits under collective bargaining, cash benefit 
group contracts, limited service contracts, and comprehensive service contracts, are discussed. 

The trend in industrial health and medical care programs as currently manifest in California 
is presented in detail. This newer pattern is that of medical group practice and full service 
prepayment plans. Examples of current contracts illustrating this trend are given. The authors 
feel that this trend toward union agreement with organized medical service centers is of major 
significance. 

In conclusion, the authors stress the importance of combined preventive and therapeutic 
services and the furthering of them both through the provisions of collective bargaining agree- 
ments. However, they state that the pitfalls are many, and there are important parallel roads to 
the final goal of adequate health care for the whole population. 


Suirey J. Peps, Boston. 


InpustRiAL Hyciene. F. Koetscu, Fiat Rev. Ger. Sc. 1939-1946 (Hyg., Pt. II), 1948, 
pp. 105-158. 


A review with 145 references is presented. Enis Anse. 


REFRACTION CHANGES IN LEATHER Cutters. G. FrANA and T. ViCeK, Prac. Lék. 3:72 (May) 
1951. 


A detailed study of industrial myopia was made in the shoe industry: 265 workers of the 
upper-leather cutting department were examined generally and ophthalmologically. In 132 cases 
myopia was found. The results of these eye examinations were supplemented by records of the 
last 10 years. Conditions inside and outside industry which could influence eye refraction directly 
or indirectly were registered. The main points of a detailed statistical analysis were as follows: 
(1) myopia increases according to age and duration of employment; marked increases appear 
in workers more than 30 years of age; (2) in incidence and degree myopia is in direct reciprocity 
to the worker’s weight; (3) if both eyes do not have the same degree of myopia, it is found 
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that the right eye has the higher degree in most cases; (4) there is no proof of any relation 
between eye refraction and (a) disease from which workers are or have been suffering (b) length 
of daily journey to work, (c) hobbies and recreation, or (d) heredity. 

Industrial myopia usually increases up to —3 diopters without other characteristic myopic 
changes. It begins after six to eight years’ employment at this special work. The most influen- 
tial factors are the material (leather), which absorbs and distracts light by dispersion and reflec- 
tion, and the continual repeated imbalance caused through the movement of the oculomotor 
muscles, the convergence, and accommodation. No industrial myopia was found in workers 
whose eyes are fixed to the same distance, even continuously, but with the described oculomotor 


factor and under constant lighting conditions. Buen Suiswine 


INFLUENCE oF ELectRIC WELDING ON THE HEALTH or WELDERS. WaAeELscHovA, 
Prac. Lék. 3:85 (May) 1951. 


Two hundred nine welders and a control group of 138 turners were examined. No difference 
in the groups was found in the incidence of internal diseases. The incidence of conjunctivitis and 
diseases of the upper respiratory passages showed, however, a significant difference. A com- 
parison of the health of welders from a workshop with the worst hygienic conditions with 
welders from a workshop with the best hygienic conditions revealed a significant difference in 
the incidence of diseases of the upper respiratory passages. The difference in the incidence of 
conjunctivitis in the groups apparently does not depend on the nitrous gas concentration; it 
rather appears to be produced by poor-fitting glasses and by glare from neighboring welders. 


ENGLISH SUMMARY. 


NITROGEN OXIDES IN THE ATMOSPHERE OF WELDERS’ WorkKpLAces. B. Soucek, Prac. Lék. 
3:89 (May) 1951. 


Concentrations of nitrous gases produced by arc welding were measured at different places 
in several plants. The nitrous gases were transformed into nitrates, which were determined as 
nitric acid colorimetrically with phenoldisulfonic acid. 

The lowest concentrations, averaging 5.2 ppm of nitrous oxide, were found in the air in the 
middle of workrooms under normal condtions, i. e., when welding operations went on as usual 
and moderate air movement took place. When the workroom was closed (in winter), the average 
concentrations rose to 25 ppm of nitrous oxide. 

In workrooms of smaller dimensions with natural draft, concentrations averaging 7.6 ppm 
of nitrous oxide were found at the welders’ shield. In workrooms with mechanical ventilation, 
concentrations averaging 7.4 ppm of nitrous oxide were found when the exhaust system worked 
properly. In large workrooms with bad or no natural ventilation and without a mechanical 
exhaust system, concentrations of 14 and 24 ppm, respectively, were found at the welders’ shield; 
in confined spaces. (boilers) or places otherwise difficult to ventilate, concentrations averaging 
24.3 and 36.4 ppm of nitrous oxide, respectively, were found at the welders’ shield. In the weld- 
ing of aluminum on argon, concentrations of 42 ppm of nitrous oxide at the welders’ shield 
were found. 


The cheapest way to lower the concentration of nitrous oxide in working places is natural 
draft, best directed horizontally; vertical drafts carry considerable amounts of nitrous oxide 
to crane drivers. Draft, however, in no circumstances must be of such intensity as to cause 
discomfort. 


Mechanical exhaust systems lower concentrations of nitrous oxide substantially. So that the 
exhaust systems may function properly, they must be kept in perfect working order, and they 
must be used in the proper way. 

The assanation of large working rooms must be accomplished by proper means adapted to 
the local conditions. High concentrations in small confined places may probably be best avoided 
by insuring a sufficient supply of fresh air. 

The author suggests a concentration of 20 to 25 ppm of nitrous oxide as the maximum allow- 


able for an eight-hour working day. Ewctsem Suman’ 
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CONTRIBUTION TO THE PROBLEM OF OCCUPATIONAL LEPTOSPIROSIS IN YUGOSLAVIA. JOSIP 
FauiSevac, Arhiv za Hig. Rada 2:159, 1951. 


As a classic instance of occupational leptospirosis in Yugoslavia, a focus of this disease is 
reported on a pig-breeding farm. All five women working on i‘ie farm contracted swineherd’s 
disease within 30 days. 

Other case. of benign and malignant leptospirosis with evident occupational causation are 
mentioned. 

A short description is provided of the etiology, the epidemiology, and the clinical features of 
leptospiroses, and problems of their occupational etiology and their social scope are discussed. 
Benign leptospiroses, particularly the swineherd’s disease, represent a fairly important problem 


in Yugoslav national pathology and social medicine. Exciisia SumMany. 


Wetpers’ OccupaTIONAL Hazarps. Branko Kesi¢, Arhiv za Hig. Rada 2:187, 1951. 


The problem of occupational hazards incurred by welders is presented on the basis of data 
from the literature, as well as from materials and experience collected at the Institute of Indus- 
trial Hygiene of the Yugoslav Academy, Zagreb. 

In the course of 1949, 50 welders working in Croatian industries were examined, and in 
the course of 1950, 353. It was established that 33.1% of the welders suffered from conjunctivitis 
(6.2% in the control group); 37.7% suffered from cough (32.1% in the control group), and 
26.3% from headache (15.4% in the control group). In 36.5% of the welders traces of burns were 
found (0.9% in the control group) ; their distribution is shown in a table. Examination of blood 
pressure did not show statistically important differences between the welders and the control 
group to the effect that the welders’ blood pressure was lower. Fifty arc welders who had spent 
more than 10 years in their occupation underwent detailed rcentgenologic examination. Only a 
few cases of intensified lung markings, but no nodulations typical of siderosis, were discovered. 

One case of fatal poisoning with nitrous gases (edema of the lung) which had occurred 
during welding was described. 

The author also proposes measures for the protection of all workers directly connected with 


welding. 
ding ENGLISH SUMMARY. 


Physiology and Nutrition 


STRESS OF THE PuysicaAL ENVIRONMENT. RosBert W. KEETON, Heat, Piping & Air Conditioning 
22:100-103 (Dec.) 1950. 


Research by a cooperative investigative team composed of a physician, a physiologist, and an 
engineer at the University of Illinois on the physical environmental factors affecting normal and 
sick persons subjected to external stress revealed the following information: 


1. When resting subjects in a steady state were exposed to hot environments and were 
forced to lose all their heat by evaporation, there was no evidence of physiologic strain until heat 


was retained. With the retention of heat the pulse rate, cardiac output; and oxygen consumption 
were increased: 


2. When normal subjects and patients with cardiac diseases were shifted from a comfortable 
to a hot, moist environment, allowed to remain there 1 to 2 hours, and then returned to the 
comfortable environment, the maximal alterations in pulse rate, blood pressure, mean skin 
temperature, and evaporative water loss were accomplished within 10 minutes. Further adjust- 
ments manifested themselves slowly. At no time was there evidence of physiologic strain. 

3. The loss of heat, on the one hand, chiefly by radiation and convection and, on the other, 
completely by evaporation is accomplished without physiologic strain. The presence of discom- 
fort which represents the affective state of sensations under the latter conditions can hardly be 
considered as evidence of physiologic strain. 


4. When the heat is retained or extra heat is produced by shivering, physiologic strain 
becomes apparent. 


5. Subjects and patients with heat retention are benefited by therapeutic exposure to cool, 
dry environments. 
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6. It is important to develop methods for measuring the stress of nonuniform environments 
on the human subject. 


7. It is advantageous, and in some instances necessary, to provide a uniform controlled physi- 
cal environment in a metabolic ward. 


8. The stress of exposure to a physical environment widely distorted by heat, cold, or low 
barometric pressures has been used to stimulate the adrenal and other glands of internal 


secretion. Seventeen references are included. 


Tue PuysicaL ENVIRONMENT UNIT AT THE UNIVERSITY OF ILLINOIS. MAuRIceE K. FAHNE- 
stock, Condensed in Heat, Piping & Air Conditioning 22:109-113 (Sept.) 1950. 


The history of the organization, expansion, and coordination of facilities and personnel for 
the study of the effects of physical environment on plant, animal, and human life is given. 
Objectives, administration, equipment, operation, and progress are discussed. 


REFRIGERATION ABST. 


Wuy Oxycen Pressure Has a Rapip KiiiinGc Errect. K. LENGGENHAGER, Ztschr. ges. 
exper. Med. 116:353-377, 1950. 


The subjective and objective symptoms due to an atmosphere of pure oxygen under a pressure 
of 4 to 6 atmospheres in rats, mice, frogs, flies, and men are described in detail. In men increased 
oxygen consumption and carbon dioxide exhalation resulted, the body temperature rose approxi- 
mately 0.5 degree, the blood carbon dioxide, sugar, and pressure remained unchanged, while 
the pH fell from 7.564 to 7.491. Normal brain, liver, and kidney tissue had a strong reducing 
action, as evidenced by reduction of indigodisulfonic acid to the leuco base in less than 0.5 hour. 
Tissues of animals under oxygen pressure lost their reducing power. The data point to functional 


brain damage as the cause of death. Cuxe, Asst, 


Occupational Diseases and Hazards 


Survey or Laporatory-Acguirep INnFections. S. Epwarp SuULKIN and Ropert M. PIKe, 
Am. J. Pub. Health 41:769 (July) 1951. 


The authors discuss a total of 1,342 infections presumably acquired as a result of laboratory 
work in the United States. This total represents at least 69 different bacterial, viral, rickettsial, 
parasitic, and fungal agents. Brucellosis, tuberculosis, tularemia, typhoid, and streptococcal 
infections accounted for 72% of the bacterial infections and 31% of all infections. Coccidioides 
was the major cause of laboratory infections with fungi. 

Trained scientific personnel were involved in 1,015 of the infections; the remainder were in 
students, animal caretakers, janitors, and others. 

The probable source of infection included the handling of clinical specimens and infected 
animals or ectoparasites, aerogenic transmission and “work with the agent,” autopsy-room infec- 
tions, and accidents (excluding autopsy accidents) with hypodermic needles and syringes. 

It was noted that a number of persons have acquired more than one laboratory infection. 


SuHrrLeEY J. Puetps, Boston. 


Tue Hazarp or ACQUIRING TUBERCULOSIS IN THE Lazoratory. Esmonp R. Lone, Am. J. Pub 
Health 41:782 (July) 1951. : 


The skin, eye, alimentary tract, and respiratory tract as portals of entry for accidental labor- 
atory infections with tuberculosis are discussed. The relative frequencies of different types of 
infection, as indicated by the studies of Dr. Sulkin and Pike, are also discussed. 

Treatment, prognosis, and—most important—prevention of laboratory infections are major 
aspects for consideration. A comprehensive list of preventive measures for laboratory workers 
to observe is given. Perfection in technique is emphasized. 

The use of BCG vaccination of tuberculin-negative personnel or periodic tuberculin testing 
is recommended, as well as roentgen examinations at regular intervals not to exceed six months. 


SHIRLEY J. Boston. 
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BIBLIOGRAPHY ON BeryttruM HeattH Prostems. N. W. Bass, J. Am. Ceram. Soc. Bull 
30:79-80 (March) 1951. 


A list of 46 articles and 3 books pertaining to beryllium toxicology is presented. 
Sc. Asst. 
Osteocentc SARCOMA AFTER INHALATION OF BERYLLIUM Frank R. Dutra, Epwarp J. 


Larcent, and James I. Rorn, Atomic Energy Commission, Unclassified Document 1272, 
13 pages (no date). 


A rabbit that had been exposed repeatedly to an atmosphere containing beryllium oxide died 
of osteogenic sarcoma 17% months after the last day of exposure. The primary tumor was in the 
left pubis, and there were widespread visceral metastases. Similar tumors are readily produced 
by the intravenous injection of poorly soluble compounds of beryllium. Since such tumors have 
not been observed as a spontaneous condition in our rabbits, it is believed that this sarcoma 
resulted from the beryllium compound that was inhaled by this animal. Comparison of the 
concentrations of beryllium in normal bone of the rabbit in which the tumor developed and in 
patients who died of berylliosis forms a basis for concluding that osteogenic sarcomas may even- 


tually develop in some persons who have sustained respiratory exposures to poorly soluble 
compounds of beryllium. i 


AutuHors’ SumMARY [Nuc ear Sc. Asst.]. 


BerYLLIUM Potsontnc; Report OF A CASE TREATED WITH ADRENOCORTICOTROPIC HORMONE. 
R. Lowry Dosson and Joun C. Weaver, UCRL-996, 35 pages, Oct. 27, 1950. 


The case is presented of a young man with progressive pulmonary fibrosis or granulomatosis 
? % of five years’ duration presumably caused by the inhalation of beryllium ‘oxide. His illness was 4 
complicated by the development of pulmonary tuberculosis. Treativient with corticotropin 
(ACTH) caused remarkable improvement at a time when his condition appeared to be terminal. 


Following this, his condition failed to improve further and has remained stationary for six 
months with continued corticotropin therapy. , 


Avutuors’ Asstract [NucLear Sc. Asst.]. 


Stupy or THE DracNnosis oF Leap Porsontnc: A New Metnop or Assay FoR LEAD IN 
BLoop WITH APPLICATION TO OTHER OrGANIC MeprA. HENRI GRIFFON and ROGER 
Le Breton, Ann. méd. lég. criminol. police sc. 30:335-340, 1950. 


The method used involves digestion with nitric acid, electrolysis with platinum electrodes, 
solution of the cations, evaporation of the acid, solution of the residue in water at pH 6.8, and 
colorimetry with diphenylcarbazone in carbon tetrachloride. The standard curve reads 10 to 60 ¥ 
of lead. Analyses of blood and tissues in cases of lead poisoning are given. 


Erich Hirscuserc [Cuem. Asst.]. 


MANGANOosIS IN Morocco. J. Roprer, Maroc méd. 29:817-826, 1950. 


Manganous poisonings of miners (28 cases) were biochemically and medically studied. 
G. Sac [CHem. Apsst.]. 


PeTROGRAPHIC Factors IN PNEUMOCONIOSIS OF Miners. A. Poicarp, Rev. indust. minérale 
26: 199-204, 1946. 


A review is presented, including discussion of minerals known to cause silicosis, and of the 
mechanism of solution of silicon dioxide and its attack on lungs. 


Cuem. Asst. 


Inyurres Due to INpustriAL Dust. K. W. Jérren, Fiat Rev. Ger. Sc. 1939-1946 (Hyg., Pt. II), 
1948, pp. 159-176. 


A review is presented with 229 references. 


E. H. [Cuem. Assr.]. 
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Can Siticic BE THE CAUSE or LuNG PatHotocy AMONG WorKERS MANUFACTURING 
CorunpuM? (In German.) R. Jacer, Kolloid-Ztschr. 117:10-13, 1950. 


Since 1944 various investigators have observed that workers engaged in the processing of 
bauxite to manufacture corundum display lung lesions. During the melting process in the 
electric furnace, a fine fume is evolved. The author gives a theoretical discussion of the compo- 
sition of this fume and concludes that silicic acid may well be the cause of the lung changes. 


Cuem. Asst. 


BERYLLIUM DAMAGE TO THE LuNGs AND Bases For Its AppraAtsAL. H. GARTNER, Miinchen. 
med. Wchnschr. 92:970-974 (Sept. 15) 1950. 


The tolerance concentration of beryllium, the nature of acute and of chronic, delayed beryllium 


lung damage, and the difficulties of prognosis are reviewed. Nucease Sc. Anet 


THe THERAPY OF SILICOSIS AND OF THE AssocraTED DisEAsSES. JAROSLAV TEISINGER, Prac. 
Lék. 3:65 (May) 1951. 


The results of aluminum therapy and prophylaxis of pulmonary silicosis as known to date are 
summarized from the literature. At present, these measures are not recommended for use in 
Czechoslovakia other than for research purposes. It is stressed that considerable improvement 
in the condition of the patients can be attaitfed by the treatment of chronic bronchitis with the 
simultaneous administration of penicillin and climatological therapy. Functional impairments 
caused by impaired functioning of the respiratory centers or bronchial spasm must be given 
special consideration. Great importance is ascribed to suitable physical exercise, with carefully 
graduated walks, and to occupational therapy. The importance of rehabilitation and reeducation 
is stressed. In Czechoslovakia the treatment of silicotics is carried out in two institutions: 
Karlova Studanka and Stos (Slovakia). The necessity for preventive care in mining apprentices 
is pointed out, especially in regular physical training and in regular recreation in suitable 


climatic resorts. ENcLIsH SUMMARY 


OccuPATIONAL DERMATOSES CAUSED BY TAR AND Its DERIVATIVES. MIROSLAV FLEISCH- 
HACKER, Arhiv za Hig. Rada 1:57-50, 1950. 


Several physiologic effects, chiefly dermatosis, are described in 80 cases of workers exposed 
to coal-tar pitch and other chemicals. Aggravation due to sunlight is ascribed to photosensitization 
by anthracene, acridine, etc. Health precautions are described, including formulas for preventive 
salves containing ultraviolet absorbers, such as zinc oxide, titanium oxide, and quinine. 


EnciisH SuMMarRY (Dan Trivicn [CHem. Asst.]}). 


PNEUMOCONIOSIS IN GREAT Britatn. E. J. Kine, Arhiv za Hig. Rada 2:113, 1951. 


The author reviews the problem of pneumoconiosis in Great Britain. After a brief historical 
introduction, the following topics are discussed: trades affected (free silica exposure, silicate 
exposure, mixed stone dust exposure, mixed stone and carbon-coal dust exposure) ; classification 
of pneumoconiosis by roentgenograms (simple pneumoconiosis, progressive massive fibrosis) ; 
pathology of pneumoconiosis; pneumoconiosis research (physical, chemical, biological, and 


medical). EncLisH SUMMARY. 


Industrial Toxicology 


ROENTGENOGRAPHIC CHANGES AND URINARY FLuoriIpE Excretion AMONG WoRKMEN ENGAGED 
IN THE MANUFACTURE OF INORGANIC FLUOoRIDES. Epwarp J. Larcent, Paut G. Bovarp, 
and Francis F. Heyroru, Am. J. Roentgenol. 65:42-48 (Jan.) 1951. 


Samples of urine obtained from employees of two factories in which inorganic fluorides are 
manufactured contained fluoride in concentrations that ranged from normal levels of less than 
1 mg. per liter to abnormal levels as high as 28 mg. per liter. Five workmen in 16 wiio were 
examined roentgenologically showed increases in bony density. These men had excessively and 
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consistently higher concentrations of fluoride in samples of their urine than did the employees 
whose bones were normal in density. Among the workmen whose bones showed increased opacity 


to roentgen rays, only two were found in whom the bone changes were marked. Neither of 
these workmen was demonstrably disabled. G. L. [Cuem. Asst] 


ANTIDOTAL ACTION OF POLYPHOSPHATES IN Uranium Porsontnc. H. C. Honore, E. A. May- 
NARD, and W. L. Downs, J Pharmacol. & Exper. Therap. 101:17-18 (Jan.) 1951. 


In previous studies it has been established that uranium nitrate hexahydrate fed at 2% of the 
diet or given intraperitoneally in a single dose of 2.5 mg./kg. to adult albino rats produces 
approximately 50% mortality during the ensuing 21 days. Previous attempts to provide an 
antidote for acute uranium poisoning led to the suggestion of bicarbonate because this ion fur- 
nishes a diffusible complex with the uranyl ion. After the recent demonstrations of the complex 
established between uranyl ion and bone surface (Neuman), between the uranyl ion and the 
surfaces of yeast cells (in both cases probably with phosphate groups), and between the uranyl 
ion and various polyphosphates (Rothstein), tests were carried out to see whether polyphosphates 
could be used in the treatment of acute experimental uranium poisoning. The excretion of 
calcium salts of polyphosphates in urine (Gosselin) prompted the trial of these compounds both 
in feeding studies and after intraperitoneal injections of uranium. The polyphosphate was admin- 
istered sometimes as a single dose and sometimes in multiple injections intraperitoneally. There 
was considerable evidence that a marked reduction in mortality can be achieved. 


Avutuors’ Asstract [NucLear Sc. Asst.]. 


Stupy or THree MetuHops or Estimation oF Carson Monoxipe. A. Houserecuts, Inst. Hyg. 
Mines, Communication No. 74 (13 pages), June 22, 1950. 


This communication describes three methods of estimation of carbon monoxide. The “Hop- 
calite” method measures the amount of heat given off during the oxidation of carbon monoxide 
to carbon anhydride. The potassium-palladium sulfite reaction is described elsewhere. The silico- 
molybdic-palladium sulfate reaction gives accurate results for all graduations of the scale, while 
the other methods give results too low under certain conditions. The last method is chosen for 
atmospheric control in mining institutions. 


ConDENSED FROM Butt. Hyc. [CHeM. Asst.]. 


ZrCu, Mist INHALATION AT 20 MG/M®; DeposiTION AND RETENTION IN Tissues. C. J. SPIEGEL 


and M. C. CaLkrns. Quarterly Technical Report, Oct. 1-Dec. 31, 1950, pp. 109-116; UR-152, 
8 pages, Feb. 1, 1951. 


The deposition and retention of zirconium was studied in a total of 65 animals (rats, guinea 
pigs, rabbits, cats, and dogs) exposed by inhalation to a mist of zirconium tetrachloride (zirconyl 
chloride) at a concentration of 20 mg./™., which produced little or no toxicity in any species. 
Exposure lasted for 60 calendar days (270 hours). The animals were killed and samples were 
taken for spectrographic analysis of selected tissues. The lung and pulmonary lymph node were 
found to contain 55 to 361 ¥ of zirconium per gram; these values were approximately 100 to 
1,000 times higher than were found for kidney, liver, or femur. A serial study of rats showed 
rapid deposition and s'ow elimination of zirconium by the lung. Mobilization from the lung 
appeared to take place via the pulmonary lymph node. There is a suggestion of a species differ- 
ence in either the deposition or the mechanism of mobilization of zirconium from the lung. 


Avutuors’ Aspstract [NucLear Sc. Asst.]. 


PracticaL Detection oF Leap Potsoninc. Lacrorx and AMSALLEM, Bull. acad. nat. méd. 
134:430-431, 1950. Auer. 


HISTOPATHOLOGICAL STUDY IN THE EXPERIMENTAL CARBON TETRACHLORIDE PoIsoNING: EFFECT 
or BAL. Satvatore D1 Lauro, Folia med. 33:383-403, 1950. 


The four-step evolution of carbon tetrachloride poisoning in rabbits is substantially unchanged 
after simultaneous administration of BAL (dimercaprol injection), except that the rate of evolu- 


tion is decreased. J. H. We1spurcer [Cuem. Asst.]. 
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MANIFESTATIONS OF BRONCHIAL ASTHMA AND EczEMA AMONG WORKERS IN PRODUCTION OF 


Hyprocen PerroxipeE. Mario Barsotti, Luict PARMEGGIANI, and Carto Sassi, Med. 
lavoro 42:49 (Feb.) 1951. 


An investigation was made of the cutaneous and bronchial manifestations which had appeared 
among workers in a factory producing hydrogen peroxide. After studying the work cycle (which 
is based on the continuous transformation of potassium bisulfate into potassium persulfate in the 
presence of ammonium persulfate and on the production of hydrogen peroxide by the reduction 
of potassium persulfate), the maximum concentrations of the substances present in the atmos- 
phere of the various shops were determined (sulfuric acid, 2 mg./mc.; ammonia, 0.2 mg./me.; 
peroxidants, 0.2 mg./mc.; ozone, traces); such concentrations were found to be notably inferior 
to the maximums allowable. On clinical examinations, 34% of 106 workers employed on pro- 
duction showed an eczema form of dermatitis, active in 21% and in healing phase, for the 
most part, with chronic course and exacerbations of erythematous-infiltrative type, evidently 
connected with work, in 13%. Asthmatic bronchitis was found in 15% of the patients. The 
symptoms appeared within a “period of critical exposure” which does not extend beyond the 
first working year, after a minimum “latent period” of 15 days. The workers suffering from 
chronic liver diseases were particularly affected. In 32% of the workers showing symptoms, 
a mild eosinophilia was noted. Patch-testing with ammonium persulfate gave positive results 
in 32 cases out of 46, while testing with potassium persulfate, sulfuric acid, and hydrogen 
peroxide gave negative results. Also the inhalation of aerosols of ammonium persulfate in a 
certain number of cases caused exacerbation of the symptom complex. It is concluded that the 
symptoms observed in the workers engaged in manufacturing hydrogen peroxide are of allergic 
nature and are caused by ammonium persulfate. Suitable medical and technical preventive 


measures are recommended. ADAPTATION OF ENGLISH SUMMARY. 


METHEMOGLOBINEMIA OF AcuTE ANILINE INTOXICATION IN EXPERIMENTAL ANIMALS AND 
Human Betncs: CyANosis AND ANEMIA Due To Heinz Bopies. Luigi GHIRINGHELLI 
and Cesare Mouina, Med. lavoro 42:125 (April) 1951. 


Four cases of acute poisoning from aniline dye through the use of shoes dyed black with 
aniline are described. In these cases the methemoglobin reached the level of 17 to 26 gm. per 
100 cc. of hemoglobin. The results of experimental poisoning in dogs by means of subcutaneous 
injection of 30 mg./kg. of aniline, or intravenous injection of 10 mg./kg. of aniline were also 
reported. With the subcutaneous injection a methemoglobinemia which varied from 29 to 68%, 
and with the intravenous injection a methemoglobinemia of 19.26%, was obtained. In both the 
cases of poisoning in man and those of experimental poisoning the cyanosis was proportional 
to the degree of methemoglobinemia. The methemoglobinemia disappeared rapidiy from the 
blood. Heinz bodies were observed in the red corpuscles a few hours after poisoning. They 
increased in number even after the methemoglobin had disappeared from the blood. In all 
cases a slight anemia appeared which was not related to the intensity of the methemoglobinemia 
but to the abundance of Heinz bodies. 


PaTHOLoGIcAL Symptoms CAUSED BY FoRMALDEHYDE. VitTTorIo Wyss, Rass. med indust. 19: 
290-294, 1950. 


Examination of 26 workers exposed to air containing a high concentration of formaldehyde 
revealed chronic inflammation of the superficial mucosal surfaces; the skin was affected only in 
case of contact with solutions of it. In the order of frequency were found bronchitis, dermatitis, 


rhinitis, oropharyngitis, and conjunctivitis. A. E. Mever [Cue. Aast.]. 


THe QUANTITATIVE LEAD DETERMINATION IN DRINKING WATER AND Boop. GERHARD 
Klin. Wehschr. 28:759, 1950. 


By using a direct-current arc instead of a spark the sensitivity for the spectroscopic lead 
determination was increased fifty-fold. A quartz spectrograph with large dispersion was used. 
It was found that values below 100 ¥ of lead per 100 cc. of blood are normal and those above 
300 y of lead per 100 cc. of blood are pathologic, even without clinical symptoms. 


Dorit L. NoerHer [CHem. Asst.] 
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A Case or Fatat Acute ArSINE Potsoninc. Ivan Monacexk and Zora Staypunar, Arhiv 
za Hig. Rada 2:174, 1951. 


A case is described of fatal acute arsine poisoning brought about by unskilled handling of 
arsine during disinfection. A few hours after poisoning severe anemia was diagnosed (the erythro- 
cyte count was 2,840,000). The erythrocytes in the chamber could hardly be counted because they 
decomposed readily. The patient was anuric, and no urine was discharged even when a 
catheter was used. He died on the third day after the poisoning. The postmortem examination 
revealed degenerative changes in the liver, spleen, heart, and kidney, as well as a widespread 
edema of the lung. Several organs contained considerable quantities of arsenic. Spectroscopic 
and spectropuotometric analyses for methemoglobin were carried out, and its presence in large 
quantities was proved beyond doubt. Quantitative analyses according to the method of Heilmeyer 
yielded values between 40 and 65% methemoglobin. However, the maximal values of these 
analyses are likely to be unreal, obviously because of other changes in the blood which lower 
Heilmeyer’s quotient (£576/E590) for methemoglobin. 


Environmental Conditions 


METEOROLOGICAL Factors IN ATMOSPHERIC POLLUTION ProsLems. Maynarp E. Situ, Atomic 
Energy Commission, Unclassified Document 1213 (no date). 


The influence of meteorological parameters in the dispersion of cooling air from the Brook- 
haven nuclear reactor stack has been under investigation for three years. The empirical results 
obtained with an oil-fog test effluent are compared with theoretical expectations, and a method 
of resolving these differences is described. The nuclear reactor itself has been operating for the 
past six months, providing a new source of data on the dispersion of stack effluent. Unclassified 
aspects of the relationship between oil-fog and radiation data are presented so far as they have 
been established at present. Brookhaven experience has shown that the meteorological factors 
of importance in certain pollution problems can be forecast with an accuracy comparable with 
that achieved in standard, public weather forecasts. The basic features of the forecast program 


are described briefly. Nuc ear Sc. Asst. 


THE IMPORTANCE OF INCINERATION AS It AppLIEs TO ArR Pot_ution. E. E. SmMauper, Proc. 
Air Pollution & Smoke Prevention A. Am., 1950, pp. 54-56. 


Atmospheric pollution is considerably increased by open and alley fires, which also offer 
hazards. Suitable incinerator equipment should be universally installed. To eliminate smoke and 
odor nuisances from incinerators, secondary combustion chambers should be provided, with an 
auxiliary fuel source to maintain suitable temperatures. Dust nuisance can be reduced by a 
suitable settling chamber and other means. R. W. Ryan [Cues. Apst.]. 


METEOROLOGIC TECHNIQUES IN ArR-PoLLUTION SuRVEYS. MERRILL EIsensup and W. B. 
Harris, Proc. Air Pollution & Smoke Prevention A. Am., 1950, pp. 71-75. 


The average meteorological factors influencing air pollution, such as stack height, distances 
from the stack, wind speed, and atmospheric turbulence, are reviewed. A brief discussion is 
given of the mathematics of turbulent diffusion as covered by Sutton (Quart. J. Roy. Meteorol. 
Soc. 78:257, 1947), together with average values of the parameters. From this mathematical 
treatment, the simple equations for estimating maximum ground level downwind concentration 
and its distance from the effluent stack are also presented. Air-pollution surveys made by the 
authors at various points are presented, with a brief résumé of three separate applications of 


these equations. R. W. Ryan [Cuem. Asst.]. 


Impvications or Arr Pottution. J. J. Broomrietp, Proc. Air Pollution & Smoke 
Prevention A. Am., 1950, pp. 76-81. 


The Donora and Meuse Valley disasters are briefly reviewed; in the former 43% of the 
population were affected, symptoms ranging from slight to extremely severe, with 20 fatalities. 
Severity appeared to increase with increasing age. Apparently a similar situation had occurred 
several years earlier but was not noted at that time. More data are needed on 24-hour maximum 
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allowable concentrations—tentatively it is suggested that the maximum values used for 8 hours 
in plants be extended to 24 hours for exposure outside. Industry must cooperate with enforce- 
ment bodies, etc., in establishing limits. Caution is necessary in establishing limits in ordinances; 
if too severe, industry may be forced to leave or shut down. Limits should be such that the 
average person is protected. In many cases it will not be possible to protect those especially 
susceptible to a given condition. R. W. Ryan [Cuem. Asst.]. 


SAMPLING AND ANALYsIS OF AIR PoLLuTANTs, Lester V. CRALLEY, Proc. Air Pollution & 
Smoke Prevention A. Am., 1950, pp. 107-115. 


A review is presented with 55 references. R. W. Ryan [Cuem. Assr.]. 


NaturaAL REMOVAL OF POLLUTION FROM THE ATMOSPHERE. A. R. MeETHAM, Quart. J. Roy. 
Meteorol. Soc. 76:359-371 (Oct.) 1950. 


Observations on atmospheric pollution throughout Britain are considered in relation to the 
amounts of pollution emitted through the combustion of coal. The estimated weight of ash 
emitted into the air and the estimate, from deposit gauges, of the ash deposited are considered 
likely to agree fairly well at a figure of more than 10® tons per year. It is indicated that about 
1.5 x 10° tons of smoke and about 1.1 x 10® tons of sulfur dioxide are blown to sea each year 
and that 0.8 x 106 tons of smoke and 3.9 x 10® tons of sulfur dioxide are deposited in Britain, 
irrespective of quantities measured in deposit gauges. The average life of a smoke particle 
before deposition on land is probably of the order of one to two days; that of a molecule of sulfur 
dioxide is estiniated to be less than 12 hours. Of the chlorides collected in deposit gauges more 
than half, as a rule, come from the sea and less than half from the utilization of coal; but the 
ratio will vary with the position of the deposit gauge relative to the sea and to industries. 


AvutuHor’s Asstract [Nuctear Sc. Asst.]. 


Witt Raproactiviry Have to Be ConsipERED AS A PoLLUTION INDEX IN THE FutTuRE? 


GeorGES VAN BENEDEN, Bull. centre belge étude et document. eaux, 1950, No. 8, pp. 477-482. 


The author reports on the numerous problems arising in conjunction with the disposal of 
radioactive waters and gases. The mechanism of the spontaneous destruction of radioactive 
elements and of the distribution of fission products in water is discussed and compared with the 
behavior and composition of radioactive mineral waters. An explanation is attempted of the 
physiologic processes affected by radiation from radioactive materials; the most serious effects 
are seen in the disturbance of the protein metabolism by radioactive elements of long half-life 
carried in contaminated waters. The possible fixation of radioactive components by conventional 


water-purification methods is proposed as a subject for future study. ae 


Tae “ConiruGe”: A S1ze-SEPARATING SAMPLING Device ror Air Borne Particies. K. F. 
SawyeEk and W. H. Watton, |. Sc. Instruments 27:272-276 (Oct.) 1950. 


An apparatus for sampling air-borne particles is described, consisting basically of a conical 
self-pumping centrifuge, in which the indrawn cloud is “winnowed” by an internally circulating 
stream of clean air in such a way that the particles are classified according to their settling 
velocities and deposited on a glass slide in a continuously graded sample. When the particles 
are of similar shape and density, the settling velocities are a unique function of the size, and 
the deposit is in the form of a spectrum of unit density; the spectrum extends from 30 to 0.5 # 
diameter. The apparatus is normally driven by an electric motor at a speed of 3,000 rpm and 


samples air at a rate of 25 cc./min. Avis, Pots. Beas. 


INVESTIGATION OF A PHOTOELECTRIC DevICE FOR THE DETERMINATION OF Low CONCENTRATIONS 
or Dust. D. E. Stone, L. J. Kane, T. E. Corrican, H. W. Watnwricat, and C. B. 
SerBert, BM-RI-4782, 13 pages, March, 1951. 


An apparatus is illustrated which was developed for testing instruments designed for con- 
tinuously determining low concentrations of dust in air. A photoelectric device which continu- 
ously compares the intensity of a light beam passing through the gas with a similar beam 
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passing through clean air, although satisfactory in other respects, had a sensitivity of only 
0.75 grain/100 feet.2 Work is continuing with the object of improving this factor. The calibra- 
tion curve is similar to the anode-voltage curve of the phototube. Greatest sensitivity was 
obtained at an illumination of 0.5 foot-candle. 


Nuciear Sc. Asst. 


Some TECHNIQUES AND EQUIPMENT FOR TRACE QUANTITY SAMPLING OF INDUSTRIAL AEROSOLS. F 
W. B. Harris and H. D. LeVine, NYO-1534, 24 pages, Nov. 29, 1950. 4 


The use of filter-paper collection of air samples is compared with other methods, and the 
advantages of filtration are discussed where gravimetric or radiometric analysis is desired. The 
design and construction of two reliable light-weight air samplers are given. One of these is 
for the range to 0.03 m./min. while the other will operate to 2.0 m.3/min. Filter-paper charac- 
teristics, cascade-impactor characteristics, and field techniques for microgram aerosol concen- 


trations are discussed. Apstract [NucLear Sc. Asst.]. 


COLLECTION AND QUANTITATIVE MEASUREMENTS OF Dusts AND FuMEsS IN City ATMOSPHERE 
AND FROM INDIVIDUAL Sources. Harry E. KuNKEL and Harry E. McManon, Proc. 
Air Pollution & Smoke Prevention A. Am., 1950, pp. 42-51. 


Dusts are defined as minute solid particles released into the air by natural forces or by 
mechanical processes, such as crushing, grinding, milling, drilling, demolishing, shoveling, 
conveying, bagging, and sweeping, and fumes as minute solid particles generated by the con- A 
densation of vapors from solid matter after volatilization from the molten state, or may be 
generated by sublimation, distillation, calcination, or chemical reactions, when these processes 
create air-borne particles. Regulations of the Los Angeles County Air Pollution Control District 
limit testing to a one-hour period within the process cycle. Hence, extreme care must be taken 
in cleaning the testing equipment to avoid error with the small samples collected. Except for 
very high stack temperatures, the impinger method is used for stack analyses of dust loading, 
if the recovered dust is wettable. The standard impinger method and modifications are described. 
When the dust is not wettable, a glass sampling tube connected directly to a glass thimble holder 
has been successfully used. The standard stainless steel sampling tube with extra tapered 
nozzles of different diameters for selective meter rates and a metallic thimble holder are stand- 
ard equipment for use at high temperatures. When necessary, an extra length of stainless tube 
surrounded by a water jacket is used to prevent thimble charring. Methods of determining the 
gas velocity and volume are discussed. R. W. Ryan [Cuem. Apsr.]. 


Stupy oF Dusts in INpUstTRIAL ATMOSPHERES: IIT. THe AND CaAscADE IMPACTOR. 
P. F. Hott, Metallurgia 43:258-259, 1951. 


In the impinger the air sample is drawn through a jet to impinge on a glass surface under 
water. The dust is retained as a suspension in the water, from which it can be separated by 
filtration and weighed, or a volume of the suspension is allowed to settle out on a special type 
of microscope slide and the dust particles are counted. Its efficiency increases with the sampling 
velocity, which is normally about 28.1 per minute. Its efficiency is said to be about 40%. In the 
cascade impactor, the sample is collected by forcing air through a narrow jet to impinge on a 
glass slide coated with adhesive, but the air must pass consecutively through four jets, each of 
smaller size than the last. Finer particles are not retained by the earlier coated slides, resulting 
in a size grading. Arrangement and size and shape of the jets are described. The flow of air is 


about 20 liters per minute. H. Srorrtz [Cuem. Asst.]. 


DetEcTION AND DETERMINATION OF CARBON TETRACHLORIDE IN THE AIR, JOSEPH SIVADJIIAN, 
Bull. soc. chim. France, 1951, pp. 129-130. 


we A known volume of air is passed through 5 ml. of 96% ethyl alcohol. Eight micrograms of 
colorless pyrocatechol, a pinch of copper powder, and 10 drops of 20% sodium hydroxide are 
added; and the mixture is boiled for one minute and cooled rapidly. Concentrated hydrochloric 
acid is added until the appearance of a red color, then the precipitated sodium chloride is dis- 
solved with a few drops of water, and the color of the decanted supernatant liquid is compared 
with standards. The sensitivity is about 1: 10* (carbon tetrachloride in ethyl alcohol), 


Louts Mertes [CHem., Asst.]. 
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CHEMICAL REACTION FOR THE EsTIMATION OF FINE QuARTz IN MINERAL Mixtures (Dust 
FraGMents). G. A. Hunotp, Gesundh. Ingenieur 71:298-300, 1950. 


An apparatus and analytical procedure are described for the estimation of finely divided 
quartz in mineral dusts. The methods of Line and Aradine (Chem. Abst. 31:2124'), Trostel and 
Vynne (Chem. Abst. 34:25492), Hirsch and Dawihl (Ber. deutsch. keram. Gesellsch. 13:54, 
1932), and Berdel '(Berl-Lunge: Chem.-tech. Untersuchungsmethoden) are compared, The 
method of Hirsch and Dawihl gave the highest results. The various advantages of the pro- 


cedures are discussed. R. J. Attcerer Asst.]. 


Ventilating, Air Conditioning and Engineering Control 


Tue EFFECTIVENESS OF MEASURES FOR LOWERING Dust FORMATION IN PROPORTIONING AND 
MIXING oF Powpery Martertats. N. I. AMELIN, Gigiena i Sanit., 1950, No. 10, pp. 14-19. 


The results of antidust studies in an electrode-making plant are presented. The use of indi- 
vidual aspirator-type dust ventilators in the mixing equipment, along with closely connected 
delivery pipes and with reduction of the velocity of the powdered materials within the pipes 
by suitably shaped baffles, served to reduce the duration and extent of dust contamination 


satisfactorily. Cuem. Asst. 


Accidents and Their Prevention; Protective Equipment 
TWENTY-SEVENTH ANNUAL REPORT ON SAFETY IN MINES RESEARCH 1948, GREAT BRITAIN 
MINIsTRY OF FUEL AND Power (A. H. A. Wynn, director), 1950. 

The main emphasis on research durifig the year has been on the control of explosions, but 
increased attention has been given to other hazards. ? 

The present method of using stone dust to prevent the spread of a coal-dust explosion is not 
accepted as the final solution. It presents difficulties of application and control and involves 
the workers in additional exposure to dust, yet at present it is indispensable. More coal dust is 
produced with modern mining methods and careful attention is being given to the problems 
thereby raised. The rate of deterioration of the incombustible content of road dust is being 
studied, as is also the consolidation of roadway dust by means of wetting solutions and calcium 
chloride. Explosion experiments have been mainly concerned with the risk that may arise from 
the watering of floors of roadways. 


Electrical researches include investigations of the incendiary power of small sparks that may 
occur on the rupture of low-power electric circuits, on the intrinsic safety of low-power apparatus, 
and on various aspects of electrical shot-firing. 


For the control of mine gases methane meters and indicators are coming into use. There 
is need for a readily portable instrument for measuring small concentrations of carbon monoxide, 
and possible methods are being studied. 


Researches on the safe use of explosives continue, as do also studies of the support of work- 
ings and of winding ropes. 

Various studies of the dust hazard have been carried on. Investigations of the performance 
of dust-sampling instruments have been continued. The British konimeter gives results similar 
to those given by the thermal precipitator with particle sizes of 0.9 to 5.0 u. The filter-stain 
method of sampling air-borne dust clouds has been examined. Some notes are given concerning 
the use of certain dust-sampling devices based on underground experience. When a densitometer 
is used for the evaluation of dust samples, the particle count is likely to be underestimated 
when there is a preponderance of fine particles. 

Among the new instruments which have been developed is a recording anemometer for 
measuring underground air movement down to a few feet per minute. It can be used in shot- 


holes and in accessible partings in the strata. Tuomas Beprorp [BuLt. Hyc.] 
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Radioactive Substances and X-Ray 


NursinG Care Exposure to Ionizing Rapiation. RutH FREEMAN. Am. J. 
Nursing 51:86-88 (Feb.) 1951. 


Effects of radiation sickness characteristically present, such as blood changes, shock reaction, 
gastrointestinal symptoms, and rise in temperature are described. Phases of radiation sickness 
are considered. Lists of points on nursing aid for appraisal of radiation injury, maintaining 
the injured person’s resistance, preventing infection. restoring body fluids, and providins 


emotional guidance are assembled. Sc. 


Waste MATERIALS IN THE UNITED States Atomic ENerGy ProcGramM. ABEL WOLMA™ 
and ArTtHuR E. Gorman, Atomic Energy Commission, Division of Engineering WASH-8, 
Jan. 12, 1950. 


A review of the problem of disposal of waste containing radioactive materials is presented. 
The problem is discussed as being analogous to other problems of industrial waste disposal. A 
possibility of radioactive materials becoming dangerously concentrated in algae of streams and 
in sewer systems is indicated. It is noted that no gaseous material containing radioactivity may 
be released to the atmosphere. It is concluded that the future growth of this new industry from 
the developmental stage to that of applied use of its products may well hinge on its ability to 
find increasingly effective and reasonably economical methods of disposal of its hazardous waste 


products. From Nucvear Sc. Asst. 


CoMPLETE RADIOACTIVE EFFLUENT CONTROL FOR A RADIOCHEMICAL LABORATORY. WALTON 
A. Ropcer, Atomic Energy Commission, Document 3078, 22 pages, Sept., 1951. 


The historical approach of bulk storage or disposal by dilution into watercourses is giving way 
to a program of waste volume reduction in which the effluvia released are at or near natural 
background. The types of wastes (gases, liquids, and solids) to be expected from the operation 
of an atomic research and development laboratory are discussed. The systems adopted for 
handling these wastes at Argonne National Laboratory are discussed in detail. The equipment is 
described, and operating data and costs are given. A general flowsheet giving waste collection and 
processing procedures is included, and pictures of equipment are shown wherever possible. The 
processes discussed are gas filtration, incineration, evaporation, ion exchange, and drying. 


Avutuor’s Asstract [NucLeaR Sc. Asst.]. 


Brs_ioGRAPHuy : RADIATION PROTECTION OF PERSONNEL AND RADIOCHEMICAL LABORATORIES; 
DesiGN AND OPERATION. Eunice WHITTLESEY and ELorIse Givens, Atomic 
Energy Commission, Unclassified Document 1020, 23 pages, July, 1950. 


This bibliography has been compiled to fulfil requests for sources of information’ on special 
problems in the field of radiochemistry, radiation protection of personnel, and design and operation 


of radiochemical laboratories. Sc. Asst 


Heattu Puysics AND MeEpicaL AsPECTS OF A StTRONTIUM-90 INHALATION INCIDENT. 
FreperrcK P. Cowan, Lawrence B. FARaABEE and Ropert A. Love, Atomic Energy 
Commission, Unclassified Document 1169, 12 pages (no date). 


A number of health physics, medical, and chemical aspects of the management of an incident 
in which a person became contaminated from activity released in the laboratory during the 
preparation of a Sr®° source are discussed. The results of the analysis of the urinary elimination 
of Sr®-Y9° for the period following the inhalation are presented. Nucrzaz Sc. Asst. 


RADIATION PROTECTION FROM THE INDUSTRIAL HyGIENE STANDPOINT. J. C. Sort, Indust. 
Med. & Surg. 20:227-233 (May) 1951. 


The growing radiation hazard arises from increasing use of x-ray and fluoroscopic devices 
rather than from widespread use of radioactive isotopes. Medical radiologic procedures involve 
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the largest number of people, and the greatest hazards arise from the possibility of technicians 
and attendants being overexposed to stray radiations and direct rays while holding patients. 
Improvement of shielding devices must be effected for safety in diagnostic work. 

Fluoroscopic shoe-fitting devices present a great hazard due to frequent exposures of both 
employees and customers. In a study of about 250 machines in Michigan 85% were found to 
be unsatisfactory because of faulty timers, fitters, and/or excessive intensity of beam. 

Industry uses high-intensity x-rays to determine defects in structure and to detect foreign 
bodies. However, the technicians are well protected against these high-intensity x-rays. 

In conclusion the author discusses the necessity for regulation and outlines his recommenda- 


tions for the various fields where radiation is a hazard. Anncen Lean: Bete 


RADIATION PROTECTION—INTERNATIONAL COMMISSION RECOMMENDATION. Nucleonics 8:31- 
37 (Jan.) 1951. 


Meeting in London in July, 1950, the International Commission on Radiological Protection 
(ICRP) has adopted new radiation safety standards with more rigid criteria. These standards, 
released on Jan. 1, 1951, contain many important recommendations, the majority of which are 
presented. Considerations include the following: exposure to external radiation, exposure to 
internal radiation, working conditions, general x-ray and radium recommendations, x-ray protec- 
tive recommendations, film storage precautions, radium protective recommendations, and instru- 


ments. 
From Nuciear Sc. Asst. 


“CoLp” Lasoratories. F. C. Henriques Jr., Pub. Health Engr. Abst. 
31:6 (March) 1951. 


It is of interest to note that 100 #c, 37,000,000 disintegrations per second, would enable the 
tracing through any standard chemical experiment of a tagged compound to 1 ppm. This is 
because it is possible to detect with ease 37 disintegrations per second. Thus, 100 ue should 
suffice for most types of chemical investigations. If one defines a radiochemical “cold” laboratory 
as a laboratory in which the worker does not handle more than 100 uc of any radioisotope except 
certain of the long-lived @ emitters, no special consideration need be given to the design of the 
laboratory from a radiochemical viewpoint. In the “cold” laboratory the radioactive isotope 
must be treated as any poisonous material, such as potassium cyanide. It has the advantage over 
an ordinary poison of ease of detection; simple detection equipment, such as thin-windowed 
Geiger tubes, should be available for both personnel and area monitoring. It is permissible to 
admix activity of this level with inactive identical compounds and wash it down the sink. One 
of the major problems is contamination of the “cold” laboratory which results from traffic of 
personnel and equipment that originates in the “hot” laboratory. This can be prevented best by 
strict enforcement of the following rules: one-way traffic of all supplies from the “cold” 
laboratory to the “hot” laboratory, and rigid enforcement of monitoring before leaving the “hot” 
area, where personnel contamination levels must be reduced to appropriate limits, not only for 
health considerations but also to eliminate the possibility of contamination of subsequent experi- 


ments in the “cold” laboratory. Avutuor’s Apstract [NucLear Sc. Asst.]. 


Hazarps oF SHOE FittinG FLuoroscores. W. W. VAN ALLEN, Pub. Health Rep. 66:375 
(March 23) 1951. 


Van Allen emphasizes the need for control of fluoroscopes used by untrained personnel in 
the stores. Excessive exposure is harmful to both customers and employees. Therefore, intensity 
of beam and length of exposure must be kept low to preclude ultimate harm. 


ARNOLD LEar, Boston. 


Tue Detection oF RaAvIATION Hazarps: INSTRUMENTS AND PERSONNEL. WILLIAM F. 
Bate, Radiology 56 :656-660 (May) 1951. 


The ideal characteristics of a Y-ray survey meter are stated. Such an instrument is not yet 
available, nor is there any instrument which is calibrated for both 8 and ¥ intensities. Geiger- 
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Miiller counters are satisfactory for testing 8 activity in food and water. Two types of personnel 
dosimeters are needed, one for casualty segregation purposes and one for disaster relief workers. 
A description is given of a simple, inexpensive radiation-detection gadget which might prevent 


panic if distributed widely. Se 


X-RADIATION FROM ELEcTRON Microscopes. JoHN H. L. Watson and Lutuer E. Preuss, 
Science 112:407-409 (Oct. 6) 1950. 


Results of a survey on x-radiation produced while taking motion pictures of electron micro- 
scope images are reported, along with the data of surveys conducted on three instruments 
operating under normal conditions. Abnormal conditions which were in effect for motion 
picture work were (1) the final viewing screen was tilted at an angle of about 30 degrees and 
(2) the usual 25-mil condenser aperture was opened to 50 mils. Thus, a more intense beam was 
allowed to strike an inclined target with a corresponding increase in x-ray hazard. Some 
remarkably high dosage rates were recorded for these circumstances. Maximum dosages as 
reported are maximum only for the cenditions cited, namely, for variations in condenser current. 
Dangerous maximum dosages were recorded, but the conditions giving rise to them were usually 
transient in the microscope, and it is doubtful that personnel would receive daily doses above 


tolerance from them. Nuciear Sc. 


PROTECTION OF PERSONNEL AND PLANTS IN AN ATOMIC EMERGENCY. T. L. SHrpMAN, Indust. 
Hyg. Found. America, Tr. Ser., Bull. No. 15, 82-91, 1950. 


Shipman discusses atomic emergencies generally, listing two types. First are the little atomic 
emergencies, including industrial hazards requiring special care in the handling of radioactive 
materials, shielding employees, and construction of appropriate physical plants. The precautions 
necessary will depend on the type of energy being used. 

Second is the disaster potential of the atomic bomb. This is discussed with regard to its 
three destructive mechanisms: blast, burn, and radiation injury. The danger areas of an 
air-exploded bomb differ for each of these. The author also notes the varying effects of air, 
land, and underwater detonation. In conclusion, it is noted that effective defense measures 


depend on state-wide, or greater, cooperative effort. Aswotp A. Laas: Boston 


Hazarps Rapiat1oN Work. M. INGRAM, UR-139, 15 pages, Oct. 25, 1950. 


The general subject of health hazards in work with ionizing radiations is discussed. Types 
of injurious ionizing radiations and examples of occupations in which they may be encountered 
are reviewed. Minimizing the dangers associated with radiation work involves the recognition 
of the hazard, the development of conservative criteria for safe working conditions, and the 
enforcement of safety measures. The importance of educating personnel in such a manner that 
they appreciate the need for strict observance of routine safety measures is stressed. 


Avutuor’s Apstract [NucLear Sc. Apsst.]. 


Mopekn Rapiation Hazarps 1n Practice. W. V. Mayneorp, Brit. J. Radiol. 
24:6-11 (Jan.) 1951. 


The quantities of 8- and y-ray emitters now used clinically present hospital organizations with 
the same radiation problems as arise in atomic energy projects. Clinical treatment techniques 
now frequently involve hundreds of millicuries of high-energy y-ray emitters, and the new tele- 
curie sources may well reach thousands of curies. Design of laboratories, importance of 
techniques, personnel dosimetry, waste disposal, and personnel exposure records are discussed. 


Nucvear Sc. Asst. 


OccuPATIONAL RapiaTION Hazarps. E. F. Epson, Brit. M. Bull. 7:57 (No. 1-2) 1950. 


Developments in the last decade have extended the province of occupational radiation hazards 
significantly. This is particularly notable in the diversity of the sources of radiation now 
encountered in research establishments, development laboratories, hospitals, medical centers, 
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in many established industries, and in recently organized industries connected with large-scale 
utilization of nuclear energy. This article reviews the present situation. It also summarizes the 
methods by which potential radiation hazards may be assessed. 


THe THEORETICAL GROUND-LEvEL Dosr-RATE FROM THE RADIOARGON EMITTED BY THE 
BROOKHAVEN Reactor Stack. Puitip H. Lowry, 33 pages, July, 1950. 


By a combination of theory and experimental data obtained from oil-fog concentration 
measurements, an approximate solution to the problem of determining dose rate from the A*! 
emitted by the Brookhaven Laboratory reactor stack was obtained. The solution is believed to 
be valid under nearly all meteorological conditions. It is in the form of isodose templates which 
give the mean value of the dose rate over an area 1 km. by 10 degrees, extending from the chim- 
ney base for a radial distance of 15 km., and averaged for one hour. The templates have been 
constructed for a wide range of weather conditions, including all the major types expected to 


occur in the Laboratory area. AvutuHor’s Asstract [NucLear Sc. Asst.]. 


PRorecTiIvVE EFFECT OF FLAVIN DERIVATIVES ON THE MORTALITY FROM IRRADIATION OF RABBITS 
AND Mice: INFLUENCE OF Diet. R. Fasre, R. TRuHAUT, and M. Peron, Ann. pharm. 
franc. 9:68-78, 1951. 


In both rabbits and mice rutin diminished mortality caused by x-ray irradiation. Other flavin 
derivatives (xanthorhamnetin, quercitol sulfonate, naringin, etc.) gave similar results. The 


mechanism of action is discussed. Taumauc; Paste. 
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News and Comment 


BULLETIN OF HYGIENE REPRINTS 


In the September issue a notice was published concerning the new periodical “Bulletin of 
Hygiene Reprints.” Persons wishing to subscribe to this journal may address their requests 
to the Bureau of Hygiene and Tropical Diseases, Keppel Street, Gower Street, London, W.C. 1, 
England. 


APPOINTMENT 


Dr. Sophie Rabinoff has been appointed professor and director of the Department of Public 
Health and Industrial Medicine at the New York Medical College, Flower and Fifth Avenue 
Hospitals. She was formerly senior health officer of the East Harlem Health District of the 
Health Department of the City of New York. Dr. Rabinoff is a fellow of the American 
Public Health Association, a member of the New York Academy of Medicine, and a certified 
specialist in public health. 


SECTION ON INDUSTRIAL SCIENCE, A. A. A. S. 


The Section on Industrial Science of the American Association for the Advancement of 
Science was formally established this year, with the American Industrial Hygiene Association 
serving as the sponsoring group. This new section is intended to provide within the Association 
an area of interest for those concerned with applying the broader principles of science to 
industrial operations and developments. It is also hoped that this section will serve as a common 
meeting ground for scientists whose prime intérests may be along the lines of pure research. 
The first program of the Section will be presented December 28 to 30 at the annual meeting of 
the A. A. A. S. in Philadelphia. The program will include addresses grouped under the general 
heads of “Industrial Science Today,” “Industrial Science Tomorrow,” and “Public Aspects of 
Industrial Science.” 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter, October, 1951 


Many general practitioners accept responsibility for industrial medical service and particularly 
for illnesses and injuries that are related to employment. During recent years it has been 
variously estimated that between 85 and 90% of industrial health services have been rendered 
by the general practitioner. In May, 1950, the American Academy of General Practice reported 
that a survey of their membership, relative to the “Distribution and Type of Practice of 
Members,” developed the following information : 

1. Industrial cases are cared for by 95% of their membership. 

2. The average number of cases seen in 1948 was 234 per member. 

3. About 20% of the membership devote full time to industrial practice. 

These significant facts led to the appointment of a joint committee by the Academy of General 
Practice and the Council on Industrial Health for the purpose of exploring the desirability 
of developing a joint program for the education of general practitioners in the fundamentals of 
industrial medical practice. This committee, meeting with representatives of the American 
Medical Association Section on General Practice, concluded that it is desirable to formulate 
a program and curriculum which will be implemented on a national, state, and local level 
through joint cooperative effort of the participating groups. 

It is apparent that the need for the development of an industrial health education program 
geared to the requirements of the general practitioner is nothing new. The present state of 
national emergency has made it mandatory that we accept the challenge at this time as part of 
the medical profession’s contribution toward the success of the national defense program which 
depends on effective industria! production. During World War II it was necessary to draw 
heavily on the services of the general practitioner to meet the health needs of a rapidly expanded 
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work force in war industries. The current national defense program makes it necessary again to 
look to the general practitioner in planning for the health needs of the workers in essential 
industry. 

In the present emergency, with reference to industrial production of defense materials, there 
is a program of medical service for such industries prescribed by the Walsh-Healey Act. The 
provisions of the Act go beyond the usual medical care of traumatic injuries and illness connected 
with the work environment. To meet this situation it is necessary to establish educational 
programs designed to orient physicians properly, so that they may competently administer these 
required services in industries producing defense materials. J. F. McCanan, M.D 


Assistant Secretary. 


News Letter, November, 1951 


The 12th Annual Congress on Industrial Health will be held in Pittsburgh at Hotel William 
Penn on Jan. 18-19, 1952. 

You will recall that a Conference of the Council and Chairmen of the State Committees on 
Industrial Health was held during the Annual Congress on Industrial Health this past February. 
It was designed to acquaint the Council and the State Committees with the work of each other 
and to effect improved teamwork. The results of this conference were so satisfactory that it is 
intended to make this meeting an anual event. 

The joint conference this year will be held on Jan. 17, 1952, the day preceding the Congress. 
Dr. Charles-Francis Long, chairman cf the Commission on Industrial Health of the Pennsylvania 
State Medical Society and this year’s chairman of the state committee conference, has arranged 
an excellent program built around the theme “Industrial Health Experiences in Pennsylvania.” 


Thursday, Jan. 17 
Morning Session 


. How We Began the Work Charles-Francis Long, M.D., Philadelphia 
. The Program of a County Medical Society Committee on Industrial Health 
Richard Walmer, M.D., Pittsburgh 
. The Trade Organization Fosters In-Plant Industrial Health—The Williamsport Experience 
Mr. Charles E. Noyes, Williamsport 


. The Union Health Center Fosters Employee Health—The Philadelphia Experience 
pots A. Langbord, M.D., Philadelphia 
. The Pittsburgh Experience in SSE Se and Graduate Industrial Medical Education 
Lyle Hazlett, M.D., Pittsburgh 
. The Industrial Medical Assciation and Medical Directors’ Clubs in Pittsburgh 
Daniel C. Braun, M.D., Pittsburgh 


Afternoon Session 


. The Technic of Build-Up of Industrial Health in a Single Community. John P. Harley, M.D., Williamsport 
. The Technic of the Build-Up of an Individual Industrial Medical Prosice 
: Glenn S. Everts, M.D., Philadelphia 
Following the pattern set last year this informal round-table conference will afford plenty 
of opportunity for discussion, as the formal presentations will be brief. 
Following is a tentative outline of the two-day program for the Congress on Industrial 
Health which begins Friday, Jan. 18, and continues through Saturday, Jan. 19: 


Friday, Jan. 18 
10: 00—Opening Ceremonies 
10: 30—Keynote Address. . . . Dr. Howard Rusk 
11: 00—Panel on Periodic Health Examinations 
12: 00—Luncheon, sponsored by Allegheny County Medical Society 
2:00 to of papers: 


urley L. 
Hospital, Philadelphia 
Major H. O. Parrack, USAF (MC), Wright-Patterson ‘Air Force Base, Dayton, “Ohio 
. Eye Health 
a. Arthur K. Peterson, M.D., R. R. Donnelley & Sons Co., Chicag 
b. A. D. Ruedemann, M.D., ehairman of the Joint Committee on industrial Ophthalmology, Detroit 


6: 30—Annual Dinner 
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Saturday, Jan. 19 
OCCUPATION HOUSEWIFE 


(Jointly sponsored by Council on Industrial Health and Woman's Auxiliary to 
the American Medical Association) 


Morning Session—9: 30 


. Keynote Presentation 
. Women in Our National Work Force . 
iss Frieda S. Miller, director, Women’s Bureau, United States Department of Labor, 


Washington, D.C. 

. What Happens When the Wife Goes to Work 
Mrs. Elizabeth Sweeney Herbert, household equipment editor, McCall’s Magazine, New York 
r. Thomas Fansler, director, Home Service Department, National Safety Council, Chicago 
. Simplifying the Home Maker’s Job 
ohn G. Bielawski, M.D., executive director, Michigan Heart Association, Detroit 


Afternoon Session—2: 00 
(Continuation of morning program) 


Audience participation session with additional speakers joining with those on the morning 
program. 


HUMAN RELATIONS AND MENTAL HEALTH 
(Running concurrently with above program—Program to be announced) 


We are desirous of having all the State Medical Societies represented at the joint conference 
on Thursday, Jan. 17, 1951. If the chairman of the Committee on Industrial Health cannot 


attend, another member of the committee should be selected as alternate to attend this important 
mortng. J. F. McCanan, M.D. 


Assistant Secretary 


STANDARD NOMENCLATURE OF DISEASES AND OPERATIONS 
Fourth Edition 


The American Medical Association announces the publication of the Fourth Edition of 
“Standard Nomenclature of Diseases and Operations.” Changes in the new edition have been 
as much as possible kept to a minimum. Nevertheless, advancing knowledge has made necessary 
a complete revision of the section on the psychobiologic unit, diseases of the hemic and lymphatic 
systems, and tumor etiology. A completely new feature of this edition is the inclusion of code 
numbers of the International Statistical Classification of Diseases, Injuries, and Causes of Death, 
parenthetically in the body of the book, and a cross reference of International and Standard 
code numbers as an appendix. The new edition is being published for the Association by The 
Blakiston Company (Philadelphia) and will be available Jan. 2, 1952. 
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Book Reviews 


The Chemistry and Action of Insecticides. By Harold H. Shepard. Pages 504. Price $7. 
McGraw-Hill Book Company, Inc., 330 W. 42nd St.,. New York 18; Aldwych House, 
Aldwych, London, W.C.2, 1951. 


This is a reference book designed primarily for entomologists and agricultural chemists. 
Insecticides are grouped according to their chemical relationships: arsenicals; fluorine com- 
pounds; sulfur compounds; copper compounds; miscellaneous inorganic and metal-organic 
substances ; plant products (nicotine, pyrethrins, etc.), petroleum, oils, soaps, creosotes; synthetic 
organic insecticides. There are also chapters on general aspects of the chemical control of 
insects; the toxicity and mode of action of insecticides; attractants and repellents. There is an 
appendix containing usefu! data such as conversion tables, specific gravities, etc. At the end 
of each chapter is a listing of references cited. 


The industrial hygienist will find throughout the various chapters brief references to toxicity 
and very sketchy references to industrial hygiene measures. Some six pages in a special section 
are devoted to the “hazard to man and animals.” In general this material is incomplete. This 
is no criticism, since the book was not intended as an industrial hygiene reference work. 
However, a more systematic treatment of human health protection measures would have helped 
to make the book more valuable to the entomologists and the agriculturists who will read it. 


On the positive side, the book is full of interesting material on the chemistry and history of 
insecticides. The author underlines the importance of his subject by the following statement: 
“Annual losses in the United States due to the work of insects are estimated to be as much as 
$4,000,000,000.” 


Indicative of our level of knowledge of insecticides is the author’s statement “New synthetic 
_ insecticides are discovered in two ways. The first and most important, at least until recent 
years, is discovery by accident. ‘6 


He also quotes Gilman: “We are still at the empirical stage, and a rather crude empirical 
stage in many respects, in correlating chemical constitution with physiological action on prac- 
tically all types of living things.” 


The book should be a useful reference work for industrial hygienists who are concerned with 


the subject. Hersert K. Aprams, M.D., Berkeley, Calif. 


Industrial Medicine on the Plutonium Project: Survey and Collected Papers. National 
Nuclear Energy Series, Manhattan Project Technical Section, Division IV-Plutonium 
Project Record, Volume 20. Edited by Robert S: Stone, M.D. Pages 511. Price $6.25. 
McGraw-Hill Book Company, Inc., 330 W. 42d St, New York 18; Aldwych House, 
Aldwych, London, W.C. 2, 1951. 


When it became evident that the development of nuclear energy installations was to involve 
a large number of people in highly specialized manufacturing activities, the decision was made 
to “maintain strict control over the manner and methods of work, thereby maintaining a low- 
exposure incidence (to radiation hazards) which should result in the prevention of all conditions 
associated with delayed injurious effects.” The primary preventive measure stressed throughout 
the entire atomic energy work was avoidance of overexposure to either external or internal 
radiation energy. 

Since no clinical manifestations are known for the range of low radiation exposures commonly 
encountered in this work, a variety of laboratory determinations were utilized in an attempt 
to discover minimal damage caused by one or another type of radiation. Every effort was made 
to keep exposures below 0.1 r per day for external gamma and x-radiations. An analogous 
range for other radioactive materials, such as concentration of mixed fission products in drinking 
water of 1.2 x 10~® curie per cubic centimeter or a concentration of plutonium in atmosphere of 
5 x 10-1 y per cubic centimeter, was established. 
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Inhaled radioactive material was the greatest potential danger, even worse than the possibility 
of damage by radiation originating outside the worker. All possible means of worker protection 
: are described. 

a Extensive hematological and urine studies were made at frequent intervals and used as the 
basis for detecting early changes induced by chronic radiation exposure. Since possible changes 
detectable in blood and urine were incompletely understood, a wide variety of potentially useful 
determinations were made. One of the most constant hematological effects found experimentally 
was a reduction in the lymphocyte values of the peripheral blood after exposure to either external 
or internal radiation. In humans this change was found to be too inconstant to be significant 
with the average worker’s exposure of less than 0.1 r per day. Biochemical studies showed 
that urinary uranium excretion yielded the best correlation with known uranium exposure. 
The method used is accurate down to levels of 0.0001 y of uranium. Therapeutic radiation 
exposure in humans over the established safe tolerance dose produced biochemical changes, 
such as an increase of urinary corticosteroid-like substances and an increase of adenosine triphos- 4 
phate phosphorus in the peripheral white blood cells. ] 


Because of the large quantities of material handled, plutonium poisoning is potentially a much 
greater danger than radium poisoning. The safe limit for plutonium deposition in the body ; 
has been set at 1.0 

This book includes a review of all health safety rules used in the Plutonium Project. Sections a 
of it can be read profitably by nonmedical people working with radioactive materials. The entire 
book should be required reading for all medical people who are concerned themselves or who 
advise others in the field of radioactive materials whether it be at atomic energy installations, in } 
university research laboratories, or in the offices of practicing radiologists. at 


SHERMAN S. Pinto, M.D., Denver. 
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Adrenal Cortex Extract 


¢ “booster” to counter stre 
rosterone, as stanggmiliced by Rat Liver Gly ot 


squire 


CREAM 


“Yours For Enjoyment.” 


A delicious food and dessert 


ESQUIRE ICE CREAM INC. 


2700-08 PARK AVE. @ ST. LOUIS 4, MO. 


LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 


Your “experience exchange” in the field of Skin 
Diseases and Syphilis—A valuable guide 
in your Practice— 


A.M. A. Archives of DERMATOLOGY and SYPHILOLOGY 


SIGNIFICANT DEVELOPMENTS reported monthly to the 
specialist and the physician in general practice. From 
hospitals, clinics and government treatment centers here 
and abroad, A. M. A. Archives of DERMATOLOGY and 
SYPHILOLOGY gathers news of current trends in treat- 
ment and diagnosis, group case studies, clinical notes and 
comments on cutaneous conditions and syphilis. 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St., Chicago 10, Illinois, 


Well illustrated. Please Begin My Subscription to A. M. A, Archives of 
DERMATOLOGY and SYPHILOLOGY with the Next Issue, 


A bly edited. STREET 


$12.00 YEARLY 
$13.50 FOREIGN $12.40 CANADIAN 
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ELIEVE 
OURSELF! 


Doctor, you probably have read a great deal of cigarette 
advertising with all sorts of claims. 


‘ So we suggest: make this simple test... 


Take a Pattie Morris—and any 
other cigarette. Then, 


| Light up either one. Take a pufl 
—don't inhale — and s-l-o-w-l-y 
let the smoke come through your nose. 


Now do exactly the same 
o thing with the other cigarette, 


Then, Doctor, BELIEVE IN YOURSELF! 


Puitie MORRIS 


Philip Morris & Co, Ltd., Ine. 
100 Park Avenue, New York 17, N. Y. 
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Parenteral administration of Luminal Sodium promptly tones down nervous sys- 
tem excitement. Whether manifested as convulsions, psychic agitation, or perni- 
cious vomiting, nervous overactivity is controlled profoundly and for prolonged 
periods with Luminal Sodium in adult doses of from 2 to 5 grains. 


LUMINAL SODIUM is supplied in... 
Hypodermic tablets of 65 mg. (1 grain), bottles of 50 and 500, for subcuta- 


neous or intramuscular injection; 


Powder, ampuls of 0.13 Gm. and 0.32 Gm. (2 grains and 5 grains), boxes of 
5, 25 and 100, for subcutaneous, intramuscular and (exceptionally) 
intravenous injection; 


Solution in propylene glycol, ampuls of 2 cc. (0.32 Gm. «5 grains), boxes of 
= 5 and 100, for intramuscular injection only, 


Serrated ampuls. The constricted neck of Luminal Sodium powder 
ampuls is serrated for easy and clean opening. In making the file cut 
only moderate pressure is required. 


LUMINAL’ sooium 
The Baand yf 


BACKED BY MORE THAN 30 YEARS OF EXPETIENCE 


| 
Luminal, trademark reg. U. S. & Canada New Yorn, NYY. Onr. 


